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In this work the Locomotive Engine is looked at chiefly 
from the point of view of the Designer or Locomotive 
Draughtsman, and the scope and treatment have heen 
mainly determined with reference to his needs. The require- 
ments of the Engineer generally, who may desire to ascertaih 
the practice of the Locomotive Engineer, and the needs of 
the Student have, however, also been kept steadily in view. 

The aim has been not only to set out the most successful 
and generally approved modem practice, but to set it out 
in such manner as to aid in its intelligent adaptation, in 
accordance with general mechanical principles, to changed 
conditions or to further development. At the same time the 
book is intended to be of a thoroughly practical nature ; fiund 
I the calculations which it has been necessary to employ are 

^^ accordingly suited, as far as possible, for every day use in 

w> the Engineer's Drawing OflSce. 

Tliere is given, after a brief historical introduction, an 
enumeration of particulars concerning the leading types and 
classes of locomotives at present in use in this country, both 
simple and compound. This is followed by a description of 
the methods of determining those factors or elements in the 
design of a locomotive which in large measure furnish the 
data for the subsequent working out of detail, but which 
themselves arise immediately from the conditions as to speed, 
loads, character of the roads, and so forth, prescribed, it 
may almost be said, to the Locomotive Engineer from with- 
out- The detailed construction and design of the various 
parts and fittings of the modern locomotive are then dealt 
with in a series of chapters ending with the eighteenth, 
and material for a comparison between British and foreign 
practice is also afforded by the chapter on American and 
Continental locomotives. 
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VI PREFACE. 

The operations of the workshop, and questions of cost, fall 
in general outside 'the scope of such a work as the present. 
They are, however, it will be seen, touched upon to some 
extent wherever they bear immediately on the design or 
maintenance of the locomotive — as, for example, in respect to 
the application of steel in boiler construction in Chapter xiii., 
and in regard to repairs and renewals in Chapter xxii. 

A record and analysis of a series of experimental runs 
form the subject of Chapter xix. This chapter it is hoped 
will be found to afford some useful data for the Designer, 
and to give exact information as to the capabilities of the 
modern British express locomotive. An account of these 
trials has previously appeared in the Proceedings of the 
Institution of Civil Engineers. Thanks are due to the 
Institution for permission to reproduce the paper here. 

The work is largely based upon experience gained in the 
drawing office and workshops under some of the leading 
locomotive engineers in this country, supplemented by in- 
formation kindly furnished by the locomotive departments 
of the various Railway Companies. The large comparative 
Table forming Appendix B is compiled from information thus 
supplied. 

The Author's best thanks are due especially to the following 
locomotive engineers for particulars concerning engines de- 
signed by them : — Messrs. W. Adams, J. A. F. Aspinal, F. W. 
Webb, J. Holden, W. Kirtley, Jas. Stirling, W. Worsdell, 
H, Pryce, H. A. Ivatt, J. Mcintosh, D. Jones, T. F. Clark, and 
G. Estall, and to Mr. T. Coates for drawings of the Rocket 
and other old engines. Thanks are also due to Mr, A. F. 
Ravenshear for assistance in the final preparation for the 
press, and to Messrs. G. R. Sisterson, L. Gates, and E. Sharpies 
for preparing details, diagrams, and for other aid, 
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CHAPTER I. 

HISTORICAL INTRODUCTION— 1768-1888. 

CovTKNTB. — ^Pioneer Forms of Locomotive Carriaffefl — Early Railway Locomo- 
tives — ^The Rainhill Contest — ^Inside and Outside Cylinder Engines — 
Further Progress, English and American — Development of the Express 
Engine. 



The history of the steam engine in general, and of the growth of 
the conviction that stcsam power was destined to become the chief 
i^^nt in land transport, need not be recapitulated here. An 
aocount of the historical development of the locomotive shonld 
naturally take for its starting point the first appearance of the 
8team>propelled carriage. We shall accordingly trace in this chap- 
ter the successive modifications through which the pioneer forms oi^ 
snch carriages, and the earlier examples of the locomotive proper, 
have become converted into the powerful and highly developed 
machines of the present day. In making this survey we cannot 
fidl to observe that even the most advanced types of modern loco- 
motives retain many of the essential characteristics of those first 
tried nearly a century ago. 

Pioneer Forms of Locomotive Carriages. — A widely spread opinion 
imagines the railroad to have originated in complete subservience 
to the locomotive. But this is a popular mistake. The locomotive 
in comparison with the railroad is a relatively recent invention. 
The earliest locomotive carriages, indeed, were intended to travel 
on common roads. The first actual model of a steam carriage of 
which there is any special mention was constructed by a French- 
man, Cugnot, who exhibited it in 1763. Six years later, he built 
an engine intended to run on common roads, which is described as 
being " put in motion by the impulsion of two single acting cylin- 
ders, the pistons of which acted alternately on the single front 
wheel. It travelled three or four miles an hour ; but from the 

1 
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smallaess of the boiler it had to stop eTery fifteen minutes to get 
ap steam." Cngnot constructed a second engine (fig. 1) which 
made several successful trials and excited much interest ; but an 
accident put an end to these experiments. One day, when running 
at a speed of three miles an hour, the vehicle overtamed, and, 
being considered dangerous, it was locked up by the authorities. 



Fig. 1.— Cugnot'B Engine, 1769. 

In England the earliest recorded steoni carriage was made in 
1784; when William Murdoch conBtnicted a non-condensing 
steam locomotive (illustrated in fig. 2). The boiler was of copper 




Pig. 2.— Murdoch's Steam Carriage, 17S4. 

and was heated by a spirit lamp. The engine worked with high- 
preasure steam and, being intended for common roads, the carriage 
ran on three wheels. Several inventors followed Murdoch with 
ideas of ateam carriages ; among these may be mentioned Thomas 
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All«n of London, Ur. Thomas of Denton, and Dr. Anderson of 
Edinbnrgb, a friend of Wstt ; but it was not nntil the jetx 1802 
that Richiuxl Trerethick patented the application of the non- 
coodenaiii^ engine to the propulaion of oarrii^ea on railroads. The 
Snt steun carriage made by him was tried on common roads, bat 
the nraghnesa aad nnevennees of the roads obliged him to abandon 
his experitnenta 

Baitr Railway Locomotives. — Trevetbick then turned his attention 
to the drawing of wagons on raitroads, and his efforts were crowned 
with saooeos. In 1804 he made a second engine (fig. 3) to mn on 
the Merthyr Tydvil Siulway in Sontb Wales. It had a cylindriod 



Fig. 3.— Travothiok'B Engine, IBM. 

boiler with internal famace and flue. The cylinder was 8 ins. in 
diameter and of 4 ft. 6 ins. stroke. The wheels were plain, and the 
engine drew 10 tons of iron, besides the wagons, at the rate of 
5 mjlefl ^ hour. This, without doubt, must be recorded as the 
first snooessfnl attempt to adapt a locomotive to service upon a 
rulroad. The Mertbyr Tydvil Baitway has indeed the honour of 
beinff the oldest railway company in the world, the Act of Parliament 
establishing it having been passed in 1603. A gr«^t trial of this 
locomotive took place on the 12th February, ltJ04, on a railway 
from Fenydarran. This trial was the outcome of a wager of £1000 
made between two Welsh ironmasters. After some little difficulties 
had been overcome, the engine and train finally reached the journey's 
end ; bot the engine was not yet perfect. The prevalent belief at 
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tliat time among engineers — despite Trevethick's partial success — 
was that the locomotive had not sufficient adhesion to ascend 
a moderate incline or draw heavy loads unless the wheels were- 
geared to work on a corresponding rack on the rails. 

In 1811 Blenkinsop of Leeds patented and constructed an engine 

Sg. 4) on this plan, which was tried on a railroad running from 
iddleton to Leeds. The weight of this engine was about 5 tons ;. 
and it was said to convey about 90 tons on a level at 4 miles an 
hour, or 15 tons up a gradient of 1 iu 20. The rack rail was used 
until it was proved by Blackett that simple adhesion on the smooth 
rail was sufficient. Blenkinsop's engine had the important feature 
of two cylinders working alternately on the same shaft. The next 
invention brought forward was one by Chapman of Newcastle in 
1812. His plan consisted in stretching a chain the entire length 




Fig. 4. — Blenkinsop's Rack Locomotive, 1811. 

of the course to be traversed. This chatn passed round a grooved 
wheel under the engine, by rotating which the locomotive pulled 
itself along J^he railway. In 1813 a remarkable experiment in 
locomotion was conceived by Brunton. This inventor took out 
a patent for a machine with legs like a horse, which were worked 
by a kind of parallel motion from off the cylinders. Then followed 
the engine of Blackett of Wylam and his colliery inspector, 
W. Hedley. After many trials and experiments and much per- 
severance, they found that the weight of the engine properly 
distributed over the wheels was sufficient to enable it to draw eight 
or nine loaded wagons without any rack or gearing. The engine 
as at first constructed did not steam well, not being fitted with a 
blast pipe. This was not furnished until after the engine was 
supplied with a new boiler and cylinders. The new boiler was of 
wrought-iron and had a return flue. The cylinders were vertical, 
the piston-rods working on beams, from which connecting-rods. 
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P/mn 
Fig. 5.— Hedley'a Engine, "Puffing Billy," 1816. 



DESIGN ANP CONSTRUCTION OF LOCOMOTIVES. 




Fig. 6. — Stephenson'B Locomotive, 181t5. 




Fig. 7.— The " Locomotion," Stephenson, 1825. 
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drove a crank on a central shaft. On this was a toothed wheel, 
whence, by means of intermediate gearing, the fomr smooth driving- 
wheela were driven. There was in the re-cons tmeted engine a blast 
pipe from each -cylinder, and the noise made by the steam escaping 
from these pipes into the chimney gained for the engine the name 
of <' Puffing Billy." It is illustrated in its later form in fig. 5. The 
re-bnilding of this engine took place in 1815. 

In 1814 an engine was constructed at Killingworth by C^rge 
Stephenson. This had vertical cylinders of 8 ins. diameter, and 
24 ins. stroke. The boiler was cylindrical — 8 ft. long and 34 ins. 
in diameter — with a single flue tube. The connecting-rods were 
coupled to the spindles of geared wheels, by which motion was 
communicated to the driving-wheels. The engine conveyed a load 
of eight wagons of coal, weighing 30 tons, up a gradient of 1 in 450 
at 4 miles an hour, and was kept regularly at work. In 1815 
Stephenson built a second engine (fig. 6), with many improvements 
on the first. This also had vertical cylinders. The connecting-rods 
were now attached direct to crank-pins on the wheels, and the 
wheels were coupled by an endless chain. This contrivance super- 
seded the use of gearing, and worked well. After this, not much 
development, beyond improvements in details, took place in the 
locomotive for several years. During this period steel bearing- 
springs were introduced, and wronght-iron tyres were added to the 
driving wheels. 

In lt$25 the Stockton and Darlington Railway was opened, and 
this may be called the first public railway. The engine (fig. 7) 
employed at the opening of this line was built by Messrs. Stephenson. 
The cylinders were vertical — 10 ins. in diameter and 24 ins. stroke. 
The boiler was 4 ft. in diameter and 10 ft. long. This engine could 
haul a load of 90 tons at a speed of 6 to 8 miles an hour. It was 
named the '^Locomotion,'* and is now preserved at Darlington, 
where it stands on a pedestal at the Railway Station, 

Timothy Hackworth, who had been employed on the Wylam 
Railway, and was foreman at Messrs. Stephenson's Works at 
Newcastle, was afterwards appointed locomotive engineer to the 
Stockton and Darlington Railway. In 1827 he rebuilt and very 
much improved an engine (fig. 8) — called the '* Royal George'* — 
originally constructed by Messrs. Wilson & Ck>. in 1826. The 
cylinders of this engine were vertical and 11 ins. in diameter and 
with 20 ins. stroke, while the boiler was 4 ft. 4 ins. in diameter 
and 13 ft. long. The boiler had a return flue. The engine was 
used for coal traffic, and had six wheels coupled, each 4 ft. in 
diameter. It was one of the earliest six-wheeled coupled loco- 
motives, and was also fitted with a blist pipe in the chimney. 
This engine was capable of conveying twenty-four wagons of coal, 
weighing 100 tons, at 5 miles an hour on the level, or 9 miles an 
hoar down an incline; or thirty empty wagons, each 1^ tons 
in weight, up inclines of from 1 in 100 to 1 in 500» 

An engine named the "Agenoria" (fig. 9), built by Messrs. 
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Foster & Rutriok, had vertical cylinders of 7^ ins. in diftmeter and 
of 3 ft. stroke. The boiler was ^ ft 11 ioa. in diameter and 10 ft. 
6) ins. long, with an inside grate leamng into two lai^e tubes of 
1 ft. 5^ ins. internal diameter. The inaidu frames were 7 ins. deep ; 
the leading wheels had laminated springs ; and the driving-wheels 
were fitted with balance weights. This engine continued in regular 
work for many years, and is now preserved in the South Kensing- 
ton Museum. 



Fig. 8.— The "Royal George," Hsckworth, 1826. 

The Ralnhlll ConteBt— Up to this time locomotives had been 
chiefly used for colliery work ; but the opening of the Stockton and 
Darlington line for the conveyance of passengers created a demand 
for high BpeedH, and it was determined by the directors of the 
Liverpool and Manchester Railway, in 1 829, to offer a premium of 
£500 for the beat locomotive engine which should draw, on a level 
road, three times its own weight at 10 miles an hour. The weight 
of the engine, with its complement of water in the boiler, was not 
to exceed 6 tons, and the engine was effectually to consume its own 
smoke. 

The trial took place on the Manchester side of Sainhill upon a 
level portion of the line, and lasted froai the 8th to the 14th of 
October, 1829. Three engines competed for the prize, viz. ; — 
The " Rocket," built by Robert Stephenson, Newcastle. 
The " Sanapareil," built by Timothy Hackworth, Darlington, 
The "Novelty," built by Rraithwaite & Ericsson, London. 
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Pig. B.— The "Agenori»," 
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Fig. 10.— The " ttooket," 
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Two Others, viz. : — 

The ** Cyclopede," built by Brandrith, Liverpool ; 
The '• Perseverance," built by Burstall, Edinburgh ; 

alao entered, but were disqualified as they did not conform to the 
conditions of the competition. 

The ''Rocket" (fig. 10) was a four-wheeled engine, with inclined 
cylinders of 8 ins. diameter, and 16^ ins. stroke, and a boiler 
3 it. 4 ins. in diameter and 6 ft. in length. This was the first 
loeomotive made in England with a multitubular boiler. There 
were 25 tubes each 3 ins. in diameter. The diameter of the driving- 
wheels was 4 ft. 8^ ins. ; the pressure of steam in the boiler 50 lbs, 
per square inch ; and the total heating surface 137*75 sq. ft. 

Tons. Owts. Qn. Lbs. 
Weight of engine in working order, . .4500 
,j tender » ^ ..3402 

carriageB loaided, . . 9 10 3 26 



Total weight of train, .17 

The " Sanspareil " (fig. 11) was a four-wheeled coupled engine, 
with vertical cylinders of 7 ins. diameter and 18 ins. stroke ; boiler 
4 ft. 2 ins. in diameter and 6 ft. long; driving-wheels 4 ft. 6 ins. 
in diameter ; and total heating surface 90*3 sq.ft. 

Tons. Cwts. Qn. Lb«. 
Weight of engine in working order, . . 4 15 2 
„ tender ,, ,, .3630 

,, carriages loaded, . . 10 19 3 



Total weight of train, . . . 19 2 

The " Novelty " (fig. 12) was a tank engine on four wheels. The 
cylinders were 6 ins. in diameter, and 12 ins. stroke; the boiler 
was rather complicated — partly vertical, partly horizontal ; the 
diameter of the driving-wheels was 4 ft. 2 ins. ; and the total 
heating surface was 42*5 sq. fb. 

Tons. Cwto. Qrs. Lbs. 
Weight of engine in working order, . .3 10 
tank loaded, . . . 16 14 

carriagee loaded, . 6 17 



9t 



Total weight of train, . . . 10 14 14 

The trials were made over a distance of 1 i miles, with an addi- 
tional ^ mile at each end for getting up speed. It was arranged 
that each engine should run twenty times each way, equivalent to 
a journey from Liverpool to Manchester and back. 

The ^ Rocket " was the first engine tried, and the only one that 
accomplished the stipulated distance of 70 miles. This engine 
aatisfiictorily performed all the tests required by the judges, and 
the prize was awarded to Messrs. Stephenson. The average speed 
was 13| miles an hour, 29 miles an hour being the maximum speed 
attained. 
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Mg. II.— The " Sanspareil," 1 
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The "Su]spu«il"raii a distance of 27^ miles »t an average speed 
of 14 miles on hour, realising a maximum speed of 22^ miles an 
hoar. Owing to the cracking of one of the cylinders, and the 
fulore of the pnmps supplying the feed-water, this engine had to- 
stop at the distance above mentiooed. 



Fig, 12,— The " Novelty," 1829. 

The " Novelty ," after making two rang in each direction, had to 
retire from the competition owing to some joints on the boiler 
giving way. The average speed of thia engine was 14| miles an 
hour. 

The result of this trial was to show conclusively the superiority 
of the locomotive over both fixed engines and horses on railways. 



Fig. 13. — Bury's LooomotivB, IS30. 
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InBide and Ontside Cylinder Engines.— In 1830 Hftckwortfa de- 
signed a locomotiTe, the "Globe," built by Messrs. Stephenson, 
for the Stockton and Darlington Railway, which comprised many 
improvements. The cylinders were placed Itorizontally inside the 
frame, and worked on a crank-axle. The wheels, 5 ft. in diameter, 
were four in nnmber and coupled. This engine is said to have 
.attained a speed of 50 miles an hour. 

During the same year Bury of Liverpool introduced his well- 
'known four-wheeled engine (fig. 13), in which he employed trussed 
-or bar frames, the standard form of engine frame at the present 
day in America. 

Stephenson also built an engine, the"Flanet" (fig. 14), in the 
.same year, for the Liverpool and Manchester Railway, which was 



H 



Fig. 14.— The "PUnet," 1830. 

furnished with inside horizontal cylinders, multitubular boiler, 
blast pipe, and double crank -axle. This engine had cylinders 11 
ins. in diameter, with 16 ins. stroke; and a boiler 3 ft. in diameter 
and 6 ft. 6 ins. long, with 129 tubes 1| ins. in diameter; the 
heating surface being 37 sq. ft. in the Gre-box, and 370 sq. ft. in the 
tubes. The weight of the engine, with coke and water, was 9 tons, 
and of the tender, loaded, 4 tons ; the total weight, 13 tons. 

In 1631 Messrs. StephenGon built two goods engines, tbo 
"Samson" and "Goliath," for the Liverpool and Manchester Bail- 
way. The former of tbeae is stated to have hauled a train of 164 
tons, exclusive of engine and tender, from Liverpool to Manchester 
in two and a half hours, the maximum speed being 20 miles aji 
hour. 
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Menra Sharp, Koberts & Co., in 1833, oonstructed an engine, 
the ''Experiment" (fig. 15), also for the Liverpool and Manchester 
Railway, in which the cylinders, 11 ins. in diameter, with 16 ins. 
stroke, were placed vertically on the outside of the boiler, and were 
fitted with radius har parallel motion in place of slides. The 
arrangement of the gear rendered the cnmk-azle unnecessary. 
Three of these engines were also built for the Dublin and Kingstown 
Railway, but they were not a success. 




Fig. 15.— The "Experiment," 1833. 

Messrs. Forrester h Co., of Liverpool, in 1834, desi<>ned a type 
of engine which was used on the Dublin and Kingstown, the 
Newcastle and Carlisle, and on the Grand Junction Railways. 
The cylinders and valve-gear were outside ; they also had outside 
frames and bearings for all the axles, and six wheels. They were 
ealled the *' Boxers/' owing to their unsteadiness in running, the 
wheels not being balanced. 

The increased weight and speed of the locomotive about this 
time gave rise to new difficulties ; the weiglit being distributed in 
most cases over only four wheels, as in engines of the ^^ Planet '' 
class, before mentioned, weighing 9 tons ; of which 5| tons was 
borne by the driving-wheels. This caused great damage to the 
permanent way, and heavier rails began to be used ; the weight 
being increased to 50 and 60 lbs. per Imeal yard. It was also deter- 
mined to add a pair of wheels to the engines behind the fire-box. 
This not only distributed the weight better but also checked the 
pitefaing of the engine. 

A siz-wheeled coupled goods engine, the <' Atlas,'' (fig. 16) with 
inside cylinders — ^the forerunner of the present standard British 
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goods engi&e — was bailt id 1834 for the Leicester and SwaimingtoD 
K*ilw»7 hy Messrs. Stephenson. The cylinders were 16 ins. in 
diameter with 20 ins. stroke ; and the boiler was 3 ft. 1 1 ins. in 
diameter and 8 ft. 6 ins. long, with 154 tubes 1|^ ins. in diameter. 
The six wheels were each 4 fl. 6 ins. in diameter. This engiDe- 
worked for nearly forty years, and, after some complete experiments 
had been carried out to ascertain exactly its performances, several 
other engines of similar design were built for other railways. 



Fig. 16.— The " AtUe," 1834. 

Further ProgreBS — English and American. — The first locomotive 
rua upon a railroad in America was the " Stourbridge Lion " 
(fig. 17) which reached America from England in May, 1829. It 
was built by Fonter, Rastrick, & Co, of Stourbridge. This eDgin» 
bad four coupled wheels. The cylinders were vertical, and were 
placed at the back on each aide of a cylindrical boiler. They 
worked through grasshopper beams and connecting-rods upon crank- 
pins in the wheels. This engine waa for the Delaware and Huds<Mk 
Oanal Company. 

Hie first locomotive built in America was the " Best Friend " of 
Charleston. This was made in 1830 by Mr. Miller of West Point 
Foundry in New York City, for the South Carolina Railroad. It 
was a four-wheeled engine with two inclined cylinders 6 ins. in 
diameter with 16 ins. stroke, and a vertical boiler. The diameter oT 
the wheels was 4 ft. 6 ins., and the total weight of the engine was 
about 4 J tons. 

In September, 1831, a locomotive called the " Bobert Fulton," 
built by Stephenson, was placed on the Mohawk and Hudson Bail- 
road. This was followed in 1832 by an English locomotive, the 
"John Ball," on the same railway. 
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DESIGN AND CONSTRUCTION OF LOCOMOTIVKS. 



Among the earliest of the American locomotives, of which there 
is any authentic record, was the " Old Ironsides " (fig. 18) by W. 
Baldwin, one of the greatest locomotive engine builders of the 
world. This engine made its trial trip in November, 1832, on the 
Philadelphia^ Germantown, and Noristown Hailroad, and ran on 
this road for more than twenty years. It was a four-wheeled 
engine modelled after the English style and weighed in running 
order a little over 5 tons. The wheels were 4 ft. 6 ins. in diameter ; 
the cylinders were 9^ ins. in diameter and of 18-ins. stroke, and 
were attached horizontally to the outside of the smoke-box ; the 
boiler was 30 ins. in diameter, and had seventy-two copper tubes 
each 1^ ins. in diameter. From that time up to the present loco- 
motive building has flourished in Philadelphia. 




Fig. 18.— The "Old Ironaidea," 1832. 

In 1837, Brooks of Philadelphia constructed a locomotive for H. 
R. Campbell of the same city with eight wheels. This had four 
coupled wheels, and the fore part of the engine rested on a four- 
wheeled bogie or truck in front. This was the first engine of this 
type, and from it the standard American locomotive of the present 
day takes its origin. The cylinders were 12 ins. in diameter with 
18-ins. stroke ; and the coupled wheels were 3 ft. 8 ins. in diameter. 
The total weight of the engine was about 12 tons. 

The London and Birmingham Railway was opened in 1837, 
Edward Bury being appointed locomotive superintendent The 
locomotives designed by him were composed exclusively of four- 
wheeled engines ; and from the opening until 1845 there was but 
one six-wheeled engine employed. The passenger engines had 
cylinders 12 ins. in diameter with 18-ins. stroke, and single driving- 
wheels 5 ft. 6 ins. in diameter ; they weighed about 9 tons. The 
goods engines had cylinders 13 ins. in diameter with 18-ins. stroke, 
and coupled wheels 4 ft. 6 ins. and 5 ft. in diameter. 
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In 1840, Norris of Philadelphia built^ for the Birmingham and 
<jloaoester Railway, several bogie engines (fig. 19) named the 
'< England," " Philadelphia," '' Atlantic," <&c., to work an incline on 
that line of 1 in 37. These engines had six wheels, of which the 
front foor, each 2 ft. 6 ins. in diameter, were attached to a bogie 
taming on a centre below the smoke-box. The cylinders were 
10} inA. in diameter with 18-ins. stroke; the diameter of the driving- 
wheels was 4 ft. ; the boiler had 28 tubes 2 ins. in diameter with a 
length of 8 ft. ; the total weight was 9} tons, loaded, and the steam 
pressare 60 lbs. per square inch. The average performance of these 
engines was to ascend the incline caUed the Lickey with a load 
of 39} tons at 10| miles an hour, or a maximum load of 53i tons 
4it Sh miles an hour. 



CD 




Fig. 19.— The " England." Norris, 1840. 



McGonnel, the locomotive superintendent of the Birmingham and 
Oloooester Railway, obtained the sanction of the Directors of the 
Company to construct a tank engine, which commenced work in 
1545. This engine had cylinders 18 ins. in diameter with 26-in8. 
stroke, and six coupled wheels 3 ft. 9 ins. in diameter ; it weighed 
:50 tons, loaded, and worked well for many years. 

Development of the Express Passenger Engine. — At this time the 
difficulty of packing the machinery of inside-cylinder engines within 
the limits of the 4 ft. 8| ins. gauge began to be felt. The Eastern 
Connties Railway, opened in 1839, had a 5 fb. gauge. Joseph 
Locke, engineer of the Grand Junction Railway (opened in 1 837) 
and of the South- Western Railway (opened in 1838), endeavoured 
to reduce the ioconvenience and overcome the difficulty. 

Allan, of the Crewe workshop of the Grand Junction Railway, 
Aoggeated attaching the cylinder to the outside of the smoke box ; 
and to the re-introduction of the outside-cylinder engine by Locke 
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maj be traced the origin of the most approved forms of the outside- 
cylinder engine of the present day. 

On the South-Western Eailway, stocked originally with the older 
inside-cylinder engines, the first outside-cy Under engine, designed 
by J. H, Gooch, commenced to run in November, 1843. This- 
engine vas fitted with 6 ft. 6 ins. driving-wheels, and was the first 
example of an engine having driving-wheels exceeding 6 ft, in dia- 
meter on the 4 ft.. 8J ins. gauge. Gooch afterwards built for the 
same company some express engines with 7 ft driving-wheels. 

Reference has been made thus far only to engines designed to- 
rnn on the ordinary 4 ft. 8 J ins. gauge ; that, with the exception of 
a 4 ft. 6 ins. gauge used in a few Scotch railways, being the general 
width employed in this country. | 

Brunei, the engineer of the Great Western Baiiway, which waa 
opened in 1838, decided to have a 7 ft. gauge. The first engine' 



Fig. 20.— The " North Star," broad gauge, 1838. 

(fig. SO) made for this company — and named the " North Star" — 
was built by Messrs. Stephenson. It had six wheels and inside- 
cylinders. The cylinders were 16 ins. in diameter, and of IS-ins. 
stroke ; the diameter of the driving wheels was 7 ft., and of the 
carrying-wheels 4 ft. The tubes in the boiler were 9 ft long, and 
the weight of the engine loaded was 18 tons. Messrs. Stephenson- 
also constructed several other engines of similar design for the same 
company. 

One engine, named the " Hurricane," was built for the Gre&t 
Western Railway with driving-wheels of 10 ft. diameter, but it waa. 
not a success. 

In 1846, the powerfiil engines (fig. 31) known as the "Great 
Britain " class were design^ by Brunei and Gooch. These had 
inside cylinders and eight wheels. The cylinders were 18 ins.. 
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in dumeter with 24-ins. stroke; the boilers had 305 tubes, wch 
'2 ins. in diameter ; the diameter of the driving-wheels was 8 ft., 
•nd the weight, loaded, was 31 tons. These engines conveyed a 
kMd of 230 tons at 40 miles an hour, and a load of ISO tons at 60 
miles an hour. One of these en^nes is said to have run from 
PaddingtoQ to Didcot, a distance of 53^ miles, in 47 minutes, and 
U) have attained a maxioium speed of 78 miles an hour. Thirty 
engines in all of this class were hailt for this Company, and many 
of them, after being rebuilt, were still at work in May, 1892, when 
Che oae of the broad gauge was finally discontinued. The mileage 
of several of these engines before renewal exceeded 700,000 miles, 
and in one cue was over 800,000 miles. 



Fig. 21.— The "Great Britain," BnineUnd Goooh, 1846. 

Tlie heavy loads hauled by these engines at high speeds set an 
example to the engineers and managers of the narrow gauge lines — 
M they were then called — of what the locomotive could be made to 
accomplish. The gauge was fixed, but larger engines were de- 
manded ; to get high speed, larger wheels were required ; to get 
more poner, larger cylinders ; and this necessitated the provision 
of larger boilers. 

In 1847, in response to these requirements, an engine was 
designed and patented by T. R. Grampton, and built by Messrs. 
Tnlk A Tidy, of Whitehaven, for the London and North- Western 
Railway. This engine had cylinders IS ins. in diameter with 20- 
itu. stroke ; the boiler had 229 tubes, 2 ina. in diameter, with a 
length of 12 ft. ; the diameter of the driving-wheels was 8 ft., and 
of the carrying-wheels 3 ft. 9 ins. ; the weight of the engine, empty, 
*ss 24 tons, and of the tender, 20 tons. 

This engine was found to convey 55 tons weight at 63} miles an 
hoar, and was said to have attained a speed of 74 miles an hour. 
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Three engines were built at Crewe Works in 1847, to the designs 
of Allan, the superintendent, by order of the Directors of the 
London and North- Western Railway. This type, illustrated in fig. 22,. 




Fig. 22.— The " Velocipede," Allan, 1847. 

was named the "Velocipede.'' The cylinders were of 15 ins. dia- 
meter and 20-inB. stroke ; and the diameter of the driving-wheels 
was 7 ft. 

The " Cornwall *" (fig. 23), designed by F. Trevethick, mechanical 
superintendent of the Northern division, having cylinders 17^ ins^ 




Fig. 23.— The " Cornwall," Trevethick, 1847. 

in diameter, with 24 ins. stroke, and driving-wheels with a diameter 
of 8 ft. 6 in&, deserves mention as having the lai^est size of driving- 
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wheel thftt has ever been tried on the ordinary 4 ft. S( ina. gauge. 
The boiler of Uiia engine was placed aoder tbe driving-axle ia u» 
original design, but trhen a new boiler was bnilt in 1862 by BaMW- 
bottom it was placed above the axle, «e shown in fig. 24. This 
oagiBe is still working between Manchester and Liverpool. 




Kg. St.— The " ComWftU " u reoonstniiited by Batntbottom, 1862. 

Tbe " Courier," another leading engine, designed by Grampton, 
was very similar to other engines of his design, having a pair,of 
7-tt. wheels placed behind the fire-box. 

It may be useful to state eome particulars of Crampton's engine, 
the " Liverpool ' (fig. 26), built in 1848 by Messrs. Bury, Curtis, & 
Kennedy for tbe London and North-Westem Railway Co. Tire 



Fig. 25— The " Liverpool," CnunpUm, 1848. 

cjlinden of this enuine were IS ins. in diameter, and of 24-ins. 
stroke ; Uie boiler had 300 tubes, 2^ ins. in diameter outside, with 
a length of 12 ft. 6 ins. ; the diameter of the driving-wheels was 8 
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ft., and of the carrying wheels 4 ft. ; the total heating sur&ce was 
2290 sq. ft., and the grate area 21 jf sq. ft. ; the weight of the engine, 
loaded, was 35 tons, and the weight of the tender 21 tons — ^the total 
weight of engine and tender was 56 tons. This engine was said to 
haye hauled 180 tons at 50 miles an hour, and to have taken 40 
carriages to time between London and Wolyerton. It was, without 
doubt, the most powerful engine of its time. The permanent way, 
however, could not withstand the excessive weight, and on this 
ground it had to be taken from service. 

McConnell, when he became locomotive superintendent of the 
southern division of the London and North-Western Railway, 
designed and built in 1850 a number of engines of the " Bloomer " 
class (fig. 26). In these engines the cylinders were 16 in& in 




Fig. 26.— The "Bloomer," McConneU, 1850. 

diameter and 22-ins. stroke; there were 195 tubes 12 ft. long; 
the diameter of the driving-wheels was 7 feet ; and the weight of 
the engine was 29 tons. Locomotive engineers had up to this time 
tried to keep a low centre of gravity and a large oriving-wheeL 
McConneU did not agree with this, and saw no objection to a high 
boiler. In the "Bloomer" class of engines he carried his views 
into effect, this clans of engine being built with the boiler above 
axles. The height of the centre of the boiler from the rails in 
locomotives of the present day has proved that he was correct. 

For the Bristol and Exeter Railway, in 1853, Pearson, the loco- 
motive superintendent, designed, and Messrs. Rothwell & Co. of 
Bolton built, some tank engines (fig. 27), with driving-wheels 9 ft. 
in diameter. In these the cylinders were 16^ ins. in diameter with 
24-ins. stroke ; the boiler had 180 tubes 1^ ins. in diameter with a 
length of 10 ft. 9 ins. ; and the weight of the engine was 42 tons. 
These engines are said to have run at the rate of 80 miles an hour. 

The driving-wheels of these engines were afterwards reduced to 
a diameter of 8 fb., and some of them, as altered, were still running 
until May, 1892. 
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At the Exhibition uf 1862 -was eshibited a locomotive called l^e 
" Lady of the Lake " (%. 28), one of a class designed and built bj 
Ramsbottom for the London and North- Western Bailway at their 
Orewe Worka. The cylinders, which were outside, were 16 ins. in 
diameter and of 24- ins. stroke ; the diameter of the driving-wheels 
was 7 ft. 6 ins., and of the leading and trailing wheels 3 ft 9 ins. 
The heftting sur&ce was lOfiS sq. ft., and the grate area 15 sq. ft 



Fig. 27.— Tank Engine, FearBon, 1S63. 

^■e w^ht of the engine in working order was 27^ tons, and of the 
tender 17} tons ; total weight of engine and tender 45 tons. Many 
of these engines are still in use on the London and Norch- Western 
Bailway, and it was one of this class that worked the train for this 
CSompttay from London to Crewe in the race to the North in 1888, 
when the trains were light and the speeds high. 



Fig. 38.— The " Lady of the Lake," RamBbottom, 1862. 

Various other types of locomotives embodying ingenious ideas 
besidea those referred to have been designed and constructed ■, bnt 
the endeavour has been to give a general illustration of the progress 
«f tbfl locomotive and of the different phases through which it has 
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passed, rather than an exhaustive catalogue of everything that ha» 
been attempted. 

Many improvements have been made in the locomotive during 
the last forty or fifty years. These have led up to the magnificent 
engines now running in Great Britain, in European countries, 
and in America. That further advances will be made, there i& 
little doubt ; and the engines of the present day will perhaps in 
fifty years time be looked upon with the same curious interest that 
now attaches to '* Puffing Billy '* or the '' Rocket.'' 
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CHAPTER II. 

JfODRRN LOCOMOTIVES : SIMPLE. 

CoNTERTS. — ^The Wheel-haae; Adhesion — Ensine Power; Tractive Effort — 
Boiler Power ; Steam supply — ^Loside and l)at8ide Cylinders — London and 
Soot^-Westem Railway — Caledonian Railway— Glasgow and South- 
Western Railway of Scotland — Great Eastern Railway — Great Northern 
Rulwiay— Great Southern and Western Railway of Ireland — Great 
Western Railway — ^Highland Railway — ^Lancashire and Yorkshire Rul- 
wav — ^London, Brighton and Soath-uoast Railway — London, Chatham 
and Dover Railway — London and North- Western Railway — Manchester, 
Sheffield and Lincolnshire Railway — Metropolitan Railway — Metropolitan 
District Railway — ^Midland Railway — ^North-Eastern Kailway — Nortli 
London Railway — South-Elastem Railway. 

Setkral of the locomotives mentioned towards the close of the 
preceding chapter are either now running, or were until within a 
few years ago. The modem locomotive, then — ^if we include under 
this heading all engines at present working — comprises the succes- 
sive and numerous contributions of locomotive engineers over a 
period of about thirty-five years. Notwithstanding the almost 
bewildering variety that this suggests, the more recent examples 
appear to be tending towards a small number of distinct types. 
These, in general, are adapted to the performance of special duties, 
mainly following the broad distinctions found between different 
classes of traffic. In each type numerous variations are to be seen,. 
arising sometimes out of some distinctive feature in the conditions' 
under which the work is to be performed, sometimes out of th& 
individual preferences of the designer. 

In this chapter is briefly described a selection of the latest types 
of simple or non-compound engines designed and built for the 
leading railways in this country. Compound locomotives are dealt 
with in the succeeding chapter. In order to exhibit, as far as 
possible, the adaptation of the various forms of the Idcomotive to 
special conditions of working, the different classes of engines. 
employed on each railway are described together, and, in some 
cases, a brief indication is given of any feature in the road or in 
the traffic which influences the design. 

Before proceeding to enumerate the principle types of loco- 
motives at present in use, it is desirable for the sake of cleamesa 
to give some general indication of the different characters on which 
distinctions between the various types and classes depend. 

The Wlieel-base; Adhesion.— The railway epoch began, as we 
have already seen, with the discovery that an engine could be built 
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•capable not only of propelling itself on a smooth rail, but also of 
haaling a train of loaded vehicles. And the limitation imposed 
by the ase of the smooth rail has been a controlling consideration 
in the design of locomotives throughout their subsequent develop- 
ment. Whatever the capacity of the engine cylinders, the limit of 
hauling power is reached when the driving-wheels begin to slip on 
the rails. In response to the constant demands for higher speeds 
and for engines capable of hauling heavier loads, locomotive 
engineers have generally adopted two methods of raising this limit. 
One consists in designing the locomotive so that a sufficient share 
of the total weight shall be supported on the driving axle to give 
the desired amount of frictional adhesion between the wheels and 
the rails. The other consists in employing the adhesion of more 
than one pair of wheels by coupling them — ^that is, connecting them 
mechanically — ^so that when one pair revolves the other pair must 
revolve also. Both these methods are largely in favour at the 
present time. Another method of recent introduction is to drive 
separately each of two driving-axles. 

Although consideration of adhesion alone would lead to the 
locomotive being carried mainly or altogether on the driving 
wheels only, the road or permanent way is found to suffer if the 
weight concentrated on any one pair of wheels exceeds a certain 
Amount. The great weight of powerful modern locomotives and 
the durability of the permanent way are rendered compatible 
only by distributing a portion of the weight over supporting or 
running wheels additional to the driving wheels. These are dis- 
tinguished as leading or trailing, according to whether they are 
towards the front or rear of the engine* As soon, however, as 
more than four adjacent wheels are employed, the further problem 
of making provision for enabling the locomotive to run round 
curves presents itself. To a very slight extebt the play between 
the wheel-flanges and the rail suffices ; or the removal of flanges 
from certain of the wheels. But when the distance between the 
leading and trailing wheels is considerable, or the curves sharp, 
the wheel-axles must be capable of certain adjustments whenever 
the locomotive enters on a curved portion of the track. An abso- 
lutely perfect adjustment, as can be seen from obvious geometrical 
•considerations, would comprise (1) a shifting of the axles so that 
all should point towards the centre of the curve which is being 
traversed ; (2) a lateral shifting of, at least, all but the two middle 
axles. The figure enclosed by joining the points of contact between 
the wheels and the rails is called the wheel-base ; and one in which 
there is adequate provision for the practically sufficient shifting of 
the axles, is known as a flexible wheel-base. When there is little 
or no provision for this adjustment, the wheel-base is said to be 
rigid or fixed. 

Flexibility of the wheel-base is attainable either — (1) By making 
certain of the axle-journals longer than the axle-boxes so as to per- 
mit the axle to have lateral play relatively to the engine framing ; 
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(2) by the use of radial axles ; (3) by the use of bogies or axle- 
trucks ; or (4) by the use of two or more of these in conjunction. 
The axle-box for the radial axle is constructed so as to be capable 
of a lateral movement which at the same time constrains the axle 
to converge approximately towards the centre of the curve in 
the road. The bogie is a small truck, usually four-wheeled, on 
which the engine frame rests ; engaging with it in such manner as 
to permit the bogie to turn about a pivot. In many bogies pro- 
vision is also made for lateral movement relatively to the engine 
frame. Other forms of axle-trucks exist, but need not at this 
point be enumerated. 

Engine Power ; Tractive Effort. — The hauling power of the loco- 
motive is limited, not only by the adhesion of the driving-wheels, 
but also by the tractive effort which the steam acting in the 
cylinders is capable of exerting through the medium of the driving- 
cranks and wheels. This — it will be seen later — is inversely as the 
diameter of the driving-wheels, and can be increased — notably, as 
in goods engines — by employing driving-wheels of smaller diameter. 
But this is incomfiatible with high speeds. The demand for high 
speeds -with increasing loads and heavy gradients leads to the 
retention of lai^e driving-wheels and the adoption of cylinders of 
considerably augmented capacity. The size — that is, the diameter 
and the stroke of the cylinders — together with the diameter of the 
driving-mr heels, represent the power of the locomotive from the 
point of view of the engine. 

Bi^r Power ; Steam Supply. — But the capacity of the cylinders 
caonot be allowed to outrun the supply of steam furnished by the 
boUer. Larger cylinders require larger boilers. An increase 
either in the quantity or pressure of the steam supplied demands 
the evaporation of more water per second, and this means aug- 
mented heating surfaces and lai^er grates. The heating surface in 
the boiler and the grate-area, then, represent the power of the 
locomotive from the point of view of the boiler. 

Inside- and Ontside-Cylinders. — In addition to the character of 
the wheel-base, the sizes of the cylinders and driving-wheels, and 
the heating surface and grate-area of the boiler, types of engines are 
further distinguished by the disposition of the cylinders. These, 
in some cases, are placed outside the frame so as to overhang the 
rails, and, in some cases, inside or between the frames. There has 
always been amongst locomotive engineers a great difference of 
opinion as to the relative merits of inside as compared with outside- 
cylinders. It is urged that engines with inside-cylinders run more 
steadily than those with outside-cylinders. This, in so far as it is 
well founded, is owing to the greater moment of the turning forces 
due to the steam acting in the cylinders alternately, when the 
distance between the cylinder centres is 6 feet and over (as in the 
case of outside-cylinders) than when it is no more than 2 feet or 
thereabout (as in the case of inside-cylinders). But with a long 
wheel-base and a bogie, this turning moment has not so much 
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influence on the steady running of the engine. Another objection 
to the use of outside-cylinders is the cooling effect due to their 
•exposed position. It has been stated that the condensation in such 
cylinders when rushing through the air is, on the average, about 16 
iper cent, more than in the case of inside-cylinders. 

The greatest objections to the inside-cylinder are the use of the 
crank-axle which they necessitate, and the difficulty in arranging 
the large cylinders now necessary in the limited space between the 
frames. The larger cylinders further require larger bearings and 
^crank-webs for which, also, space must be found. These difficulties 
have been overcome to some extent by putting the valves either 
:above or below the cylinders, and strengthening the crank-axles by 
hooping, or by modifying the form of the crank-webs. 

Outside-cylinders, on the other hand, have the advantage that 
they not only dispense with the crank-axle, but also allow more 
-space for the introduction of large cylinders. The mechanism and 
motion are also made more accessible and convenient for attention. 
Locomotives with outside-cylinders are largely used on the London 
•and South- Western, Great Northern, London and North- Westeni, 
North London, Caledonian, Highland, and Great North of Scotland 
Railways. 

In the United States of America no locomotive engines are 
fitted with inside-cylinders ; nothing but the outside-cylinder is 
used. In many compound locomotives and in certain simple loco- 
motives of the most recent construction cylinders are disposed both 
inside and outside the frames. 

LONDON AND SOUTH-WESTERN RAILWAY. 

A. Express Passenger Engines. — Owing to the enormous increase 
in traffic, in the wei>;ht and size of modern carriages, the increased 
weight of trains, and the demand for quicker transit, the older types 
of South- Western engines became useless. The new outside-cylinder 
-express engines were designed by Mr. W. Adams to replace them, and 
are among the most powerful and economical engines in the world. 
These engines are illustrated in Plate I. They have four wheels 
coupled, with a leading bogie, and work the heavy main line express 
trains running from Waterloo to Bournemouth. The 12.30 p.m. 
running to Southampton travels a distance of 79^ miles without 
a stop at the rate of 47^ miles per hour; the 2.15 p.m. to Christ- 
church runs 104 miles without a stop at 46 miles per hour ; the up 
train from Bournemouth travels from Southampton to Yauxhall, 
78 miles, at 50 miles per hour ; and the 1 1.0 a.m. from Waterloo to 
Exeter and Plymouth runs to Salisbury, 8-^^ miles, without a stop 
at 43^ miles per hour. These engines frequently do these runs 
with nineteen vehicles, four of them being bogie carriages weighing 
20 tons each; the total load— including engine and tender — being 
vabout 310 tons. 

The four coupled driving-wheels are 7 ft. 1 in. in diameter, and 
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the bogie wheels are 3 ft. 9f ins. in diameter. The cylinders are 
19 ins. in diameter .with 26-ins. stroke, and the tractive effort 
dereloped is 110*42 lbs. for every pound of mean effective steam 
pressure in the cylinders. The cut-off varies from 75 per cent, in 
full gear to 17 per cent, in the usual running conditions. The 
boiler pressure is 175 lbs. per sq. in. The boiler is made large to 
give a sufficient supply of steam for such large cylinder capacity, 
whilst keeping down the rate of evaporation per square foot of 
heating surface and of firegrate. It is constructed of mild steel. 
The barrel is 11 ft. long between tube plates, and 4 ft. 4 ins. in 
diameter. The external firebox is 6 ft. 4 ins. long by 3 ft. 10^ ins. 
wide, the bottom extending 5 fb. below the centre line of the- boiler. 
The total heating surface is 1,302 sq. ft. 

The total weight of this engine in working order is 48 tons 
13 cwts. This weight is distributed thus — 

Tons. Cwte. 
. • . . . 18 7 



Bopie, . 

Dn ving-wheels, 

Trailing 



»» 



15 
14 



9 
17 



48 13 
Uany of the details of this engine are dealt with fully in the 
sQooeecung chapters, and a full specification of the whole engine is 
contained in Appendix A. 



INDEX TO PLATE I. 
Four Coupled OirrsmE-CYLiNDEB Bogik Express Engine. 

Boiler and Firebox, 



A Outside firebox. 
A' Internal firebox. 
A' Bttrel of boiler oomposed of two 

pli^tee. 
A' Butt stiap nnitinff boiler plates. 
A^ Tnbea extending nom 
A' Fizebox tube plate to 
A' Smokebox tnbe plate. 
A' Stays extendinff from back plate to 

smoke-box tube plate. 



A" Firebox stays connecting internal 
and external firebox shell. 

A* Roof stays snpportinff crown of 
internal firebox and suspended 
from wrapper plate by sling 
stays. 

A^^ Foundation ring connecting inter- 
nal and external firebox ^lells at 
bottom. 



Smokebox^ Blasi-pipe, Firebox Fitting^. 



B Smoke -box. 
B^ Smokebox door. 

C Vortex blast-pipe and engine ex- 
haust. 
(? Steam blower-pipe and ring. 
D Ashpan. 
D*, D' Aahp^n dampers. 



D^ Gear for operating ashpan dampers 

from footplate. 
£ Firebars. 
E^ Firebar carriers. 
E^ Brick arch in firebox. 
£* Deflector. 
£** Firehole and door. 



Cylinders and Pistons. 



F Cylinders, outside frame 1. 

P Cvlinder covers. 

F* Flanges by which cylinders are con- 
nected to frames. 

F* Steam - ehest projecting through 
opening in frame. 



F* Steam-chest covers. 

F^ Piston-rod stuffing boxes. 

F* Valve spindle stuffing boxes. 

F' Cylinder drain cocks and gear for 

operating same from footplate. 
F* Cyhnder lubricators. 



/ 
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PiMon-rodn and Confiectums, 



G Piston-rods, main. 
G* Pi8ton>rod and valve spindle lubri- 
cators. 
G'^ Front piston-rods. 
G' Front piston-rod lubricator. 



G^ Croesheads. 
G" SUde bars. 
G' Connecting-rods. 
G^ Coupling-rods. 



Valves and Valve-gear. 



H^ Eccentric-rods. 

H^ Expansion-link. 

IP Reversing-shaft. 

H^ Rod connecting arm on reversing 

shaft to reversing screw. 
H*^ Reversing screw and hand -wheel. 



H^ Intermediate valve spindles. 

H^ Valve-spindle guide supported on 

motion-plate. 
H^ Valve-spindle and buckle. 
H* Slide-valve. 



Framing, 



I Main or side frames. 

F Buffer-plate. 

P Front transverse stay-plate. 

P Transverse angle-iron oetween side 

frames. 
1* Flanged transverse stay behind 

cyhndera. 
P Transverse stay, beneath cylinders, 

bearing bogie pin. 



P Motion-plate. 
F Intermeoiate stay-plate. 
P Firebox-stay. 
P Foot-plate casting. 
J Draw and safety link pins in foot- 
plate casting. 
<F Buffers and draw-hcx>k. 
«P Rail-guards. 



Wheelji and Axles, Axle-Boxes, Hornblocha and Bearing Springs^- 



K, K^ Driving and trailing cast-steel 

wheel-centres. 
K*, K' Driving and trailing wheel- 

t3rTe8. 
K"*, K* Driving and trailing axles. 
K*, K^ Crank - pins on driving- and 

trailing- wheels. 
K^, K* Wheel - centres and tyres of 

bogie wheels. 



L, L^ Axle-boxes of driving and trail- 
ing axles from which are 
suspended 

1^, JJ Main bearinff-springs. 

L^, L^ Brackets and 

L' Equalisins lever through which 

main frame rests on the 
main bearing-springs. 

JJ Homblocks or axle-box guides, 

bolted to main frames. 

L^ Horn-stays. 

L^, L^® Lubricators for axle-boxes and 
axle-box guides. 



Bogie. 

M Bogie frame-plates. M^ 

M^ St^l casting rivetted between 
frame-plates M. 

M^ Cross slide resting on bogie casting 
M^ and receiving pivot on main 
frame of engine. 

M' Controlling springs on each side of 
sUde M^. 

M^ Wrought-iron pin for preventing 
engine and bogie from being dis- 
connected. 



M« 



M", M7 

M8, M> 

M», MW 



Cradles or beams resting on 

axle-boxes. 
Inverted springs suspended at 

ends from cradles M^ and 

supporting bogie frames at 

centre. 
Bogie axle-boxes and axle-box 

ffuides. 
Lubricators for bosde slide. 
Leading and trailing bogie 

axles. 
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N 

Duplex safety-valves. 

P R^alator-valve. 

F* Bracket sappcHrting regulator in 
dome. 

P* Regulator-spindle and regulator- 
handle. 

Q Internal steam-pipe. 

Q' Smokeboz steam-pipe leading to 
cylinder steam-chests. 

Brakea — Vacuum, AuUmuUic. 

V Brake-bloeks. 
V^ Brake-hangers. 

V Beam and rods connecting brake- 

hangers together and to brake- 
lever. 

V Brake-lever. 



R Injectors. 

R^ Injector steam supply-pipe. 
R* Injector water supply-pipes. 
R' Injector feed- water detivery-pipeB. 
S Whistle. 
T Handrail. 

U Sandboxes and sandpipes. 
IP Grear for operating sandvalve from 
foot-plate. 



W Brake-cylinders. 

W^ Train-pipe. 

W^ Combination ejector and driver's 

handle. 
W Steam stop- valve for brake-ejector. 
W* Drip-valve. 



Another class of express engine was built practically to the same 
design as the class of express engines just mentioned, especially to 
▼ork the fast heavy main line traffic between Salisbury and 
Exeter, where the gradients are severe, and the loads required to 
be hauled, very heavy. In this the size of the driving wheels is 
6 ftb 7 ins. in diameter, and a larger firebox is employed, and, there- 
fore, longer coupling-rods. 

The gradients in the West of England vary from 1 in 100 to 
1 in 70 between Salisbury and Exeter, and the average length of 
some of the banks is from 5 to 7 miles. Below Exeter to Plymouth 
the gradients vary from 1 in 100 to 1 in 73, and the banks average 
from 1 to 5 miles in length. 

These engines work trains from Salisbury to Exeter, 88 miles, 
with one stop^ and the return joarney to Salisbury with one stop, 
the average load being eight bogie carriages, weighing 20 tons each, 
and two six-wheel coaches of 15 tons each ; or a total net weight 
of 190 tons, which, with the weight of the engine and tender, 
makes a gross load of 27 1 1 tons. 

The following are additional particulars where these engines 
differ from the 7 ft. 1 in. express engines before mentioned : — 

Ft. Ins. 

Wheels — ^Ihriving and trailing, . diameter, 6 7 
Bogie, „ 3 7 

Heating Surface— Tubes, .... 1193'?' 

Firebox, .... 1264 

Total, . 13201 

Grate area, • 19*76 

Tons. Cwto. Qn. 
Wotghte— On the bogie, . 18 2 

„ driving-axle, . . 15 14 2 
„ trailing „ . . 14 16 



48 11 
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3i DESIGN AND OONSTRUCmON OF LOCOMOHVES. 

In addition to the above, a bogie express engine, with fou 
cylinders, has lately commenced working on this railway. Th- 
designer is Mr. D. Drummond, the present locomotive engineer U 
the Company. 

The four cylinders are each of 15 ins. diameter and 26-ins. stroke 
Two of the cylinders are inside and mounted directly under th< 
smoke-box. These drive the forward pair of driving-wheels. Th€ 
other two cylinders are outside and drive the trailing pair oi 
drivers. The valves of the inside-cylinders are worked by Stephen* 
son's link-motion, and those of the outside-cylinders, by Joy's gear. 
The diameter of the driving-wheels is 6 ft. 7 ins. ; there are no 
coupling-rods. The distance between the two driving-axles ia 
11 ft., which permits of the employment of a very long fire-box. 
The grate-area is 27-4 sq. ft. 

A new departure is made in respect to the firebox by the intro- 
duction of water-tubes in addition to the usual fire-tubes. These 
water- tubes are disposed transversely, with a slight inclination, at 
the top of the firebox. The total heating surface is 1701 sq. ft., of 
which the firebox furnishes 394 sq. ft. The bogie has 3 ft 6 in. 
wheels, with axles 6 ft. 6 ins. apart The tender carries the 
large quantity of 4300 gallons of water. 



Weights — ^Bogie, . 

Leading-driver, 
Trailing-driver, 



Toni. 


Cwta. 


16 


17 


18 


18 


18 


16 



Total,. 64 11 



B. Mixed Traffic Engines.— Most of the fast goods trains on this 
line, and the excursion trains during the summer, are worked by 
the inside-cylinder mixed traffic engines. These engines have four 
wheels coupled, the coupled wheels, 6 ft in diameter, being at the 
leading encL The trailing end is carried on a pair of wheels 4 ft 
in diameter, with outside-bearings. Of the first thirty engines of 
this class built, the cylinders were in one casting and had the 
steam-chest underneath ; but the advantages expected were not 
sufficiently realized. A large number buOt afterwards still had 
the cylinders in one casting, and of the same dimensions — viz., 18 
ins. in diameter and 26-ins. stroke — but the valves were placed 
between the cylinders. In most other respects the same boiler 
and details were used. The boiler is 4 ft. 4 ins. outside diameter, 
and 11 ft 4 ins. long between tube-plates. It is constructed of 
mild steel plates, the back, throat, and tube-plates being flanged in 
the hydraulic flanging press. 

Oast steel has been very much used in the construction of these 
engines, the wheels, roof-bars, motion-plates, frame-stays, cross- I 
heads and horn-blocks being of this material. * 

G. Tank Engines. — For working the suburban traffic, which on 
this line is very heavy, two inside-cylinder tank engines have been 
designed, the larger one (fig. 29) running to Guildford, Windsor, 
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and the longer distances. Both these engines have foar wheels 
•conpled and a trailing bogie. The large bogie tank engine is inter- 
changeable in all details — boiler, cylinders, motion, connecting- and 
•ooapling-rods — with the mixed traffic engine previously described, 
and in the same way the first twenty of these engines had cylinders 
designed with the steam-chest underneath, while the subsequent 
engines had the cylioders in one casting but the valves in between. 
The cylinders are 18 ins. in diameter and of 26-ins. stroke, and the 
driving-wheels are 5 ft. 7 ins. in diameter. The tractive force 
developed is 125*7 lbs. for every pound of mean effective pressure 
<nk the pistons. The boiler pressure is 160 lbs. per sq. in. The 
•capacity of the water tanks is 1200 gallons and the fuel space 80 
cub. ft. 

The bogie is of the Adams type, which has a transverse sliding 
motion. It consists of a main steel casting to which the frames are 
rivetted j a steel casting which slides on top of this and the main 
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Yig. 29. — London and South-Westem Bogie Tank Engine (large). 



frame-stay ; also a steel casting with the large hollow pin or« 
tronnion cast solid with it. The cross-slide is kept in position by 
two laminated controlling springs consisting of sixteen steel plates 
2^ ins. wide and A- in. thick ; these springs are provided with stops 
to prevent them from following the cross-slide. 

The smaller tank engine (Plate II.) has the leading and driving- 
eoapled wheels 4 ft. 10 ins. in diameter, whilst the trailing end of 
the engine is carried on a four-wheeled bogie with wheels 3 ft. in 
diameter. The cylinders are 17} ins. in diameter and have a 24-ins. 
•etroke. The tractive force developed is 126*7 lbs. for every pound 
of mean effective pressure on the pistons. The cut-off varies from 
77 per cent, in full gear to 28 per cent, under usual running con- 
ditions. The boiler pressure is 160 lbs. per sq. in. The boiler is 
coostnicted of mild steel plates with butt-joints, the top of the 
firebox casing being flush with the barrel. 
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CALEDONIAN RAILWAY. 

Express Passenger Engines. — The four coupled inside-cylinder 
engines with leading bogie, known as the " Dunalastair " class, 
were designed by Mr. John F. M 'In tosh to work the express trains 
between Carlisle and Aberdeen and Carlisle and Glasgow. Some 
of these are the heaviest regular trains in the country, frequently 
consisting of thirteen to fifteen vehicles weighing upwards of 20(> 
tons exclusive of the engine and tender, and they are timed to run 
at 60*9 miles per hour. 

The gpradients on the Caledonian Railway are long and severe '^ 
the 10 miles from Beattock to the summit being 1 in 75 over the 
last 6 miles, and varying from 1 in 88 to 1 in 80 over the remainder. 

The cylinders are 18^ ins. in diameter and have a stri.ke or 
26 ins., and the driviug-w heels are 6 ft. 6 ins. in diameter. The 
length of the boiler barrel is 10 ft 3i ins., and of the firebox 6 fL 
5 ins., and the mean outside diameter of the boiler is 4 ft. 2 ins. 
The total heating surface is 1403 sq. ft., in firebox 118*8 sq. it.,, 
and in tubes 1284 sq. ft. 
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Fig. 30. — Caledonian Railway Exprees Engine. 



The total weight of the engine is 46 tons 19 cwts. thus distri- 
buted : — 

Tons. Cwts. 

15 14 

16 
16 6 



Bo{^e, . 

Dnving-wheels, 

Trailing-wheels, 



46 19 



The "Dunalastair" began working in the early part of 1897. 
A somewhat larger engine of similar design, shown in fig. 30, haa 
recently been completed. In this, the cylinders are 19 ins. in 
diameter, the cylinder stroke and the diameter of the driving- wheeU 
remaining unaltered. The lenjjth of the firebox also remains the 
same, but the boiler is increaRed by 4f ins. in diameter and 9^ ins* 
in length, this enlargement carrying with it a corresponding aug- 
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mentation of the heating surface. The working pressure is 175 Ihs. 
per sq. in. 

The tender of the newer engine is distinguished hy being sup; 
ported on two four-wheeled bogies. 

GLASGOW AND SOUTH-WESTERN RAILWAY OF SCOTLAND. 

Express Passenger Engines. — The most recent express engine on 
this railway is a four-cylinder simple engine, designed by Mr. 
Hanson, which was set to work in the early part of 1897. La this 
•engbe there are four high-pressure cylinders all working on one 
axle. Two of these, of 14^ ins. diameter and a stroke of 26 ins., 
are situated inside under the smokebox, and drive the cranked 
^axle ; and two, of 12^ ins. diameter and a stroke of 24 ins., are 
outside and drive on crank-pins on the driving-wheels. On each 
side of the engine the outside crank is opposite the inside crank, 
40 that the reciprocating masses balance each other. 

The valves for the inside cylinders are placed between them, and 
-are worked directly from the link-motion. Those for the outside 
'Cylinders are balanced valves and are disposed on top of the cylin- 
ders. They are worked by a rocking shaft, the lower arm of which 
engages with the front end of the intermediate spindle of the inside 
'valve. By this means only two sets of valve-gear are required to 
work the four valves. The capacity of the four cylinders is rather 
less than that of two cylinders of 19 ins. diameter and 26-ins. stroke. 
The working pressure is 165 lbs. per sq. in. 

The engine has four wheels coupled, of 6 ft. 9^ ins. diameter, and 
•a leading swing-link bogie with 3 ft. 7^ ins. wheels. The fixed 
wheel base is 8 ft. 9 ins., and the total 21 ft. 11 ins. The length of 
the boiler barrel is 10 ft. 6 ins., and its maximum internal diameter 
4 fL 3 ins.^ and the length and breadth of the firebox casing are 
respectively 6 ft. 2 ins. and 4 ft. The firebox heating surface is 
111 sq. ft., that of the tubes 1094 sq. ft., the total being 1205 sq. ft. 
The grate area is 1 8 sq. ft. 

The leading points aimed at in this design are (1) the balancing 
•of the reciprocating parts otherwise than by counterweights ; (2) 
increasing the crank-pin area and subdividing the great power 
obtainable with modern high pressures, so as to reduce wear in the 
hig-end brasses and to overcome the difficulty in lubricating these 
daring long continuous runs ; (3) the reduction of knocking in the 
main bearings inseparable from the use of large cylinders with 
high-pressure steam. 

GREAT EASTERN RAILWAY. 

A. EzpresB Passenger Engines.— The inside-cylinder four wheels 
^coupled express engines designed by Mr. James Holden for the Great 
Sasitem Kail way are illustrated in fig. 31. These engines are for 
-express trains from London to Yarmouth, Doncaster, and Cromer — 
which are very heavy during the summer. Just after leaving 
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Liverpool Street Station there is an incline over half a mile in 
length of 1 in 70 to be surmounted. The cylinders are 18 ins. in 
diameter and have a 24-ins. stroke. They are cast in one, with the 
steam-chests underneath. The driving-wheels are 7 ft. in diameter 
giving a tractive force of 92*5 lbs. for every pound of effective steam 
pressure per sq. in. on the piston. The leading- wheels are 4 ft. in 
diameter. The leading-azle has four journals, and the inside onea 
have no collars, thus allowing the axle to slide freely when passing 
round a curve ; the outside axle-boxes having ^ in. play on each 
side of the hornblocks. 

The boiler is 4 ft. 4 ins. outside diameter, and is made of steel 
plates. The inside firebox is of copper. The working pressure is- 
150 lbs. per sq. in. The main frames are of 1-in. steel plates, and 
the outside frames are of wrought iron, ^ in. thick at the leading^ 
end and ^ in. thick at the trailing end. 




Fig. 31.— Great Eastern Railway Express Engine. 



The steam -pipes and regulators of these engines being 5j^ ins. in 
diameter are exceptionally large for the size of the cylinders, but 
the results in working have shown this to be an advantage. 

The liquid fuel locomotive designed by Mr. Hoi den for this- 
railway is practically of the same design as the above engine. The 
details of the liquid fuel fittings are described in Chapter xiv. 

B. Mixed Traffic Engines. — These engines, with four coupled 
wheels of 5 ft. 8 ins. diameter, and a leading pair of wheels of 4 ft. 
diameter, were designed for working the heavy excursion traffic to- 
the East Coast seaside resorts during the summer, and the heavy 
fish, cattle, and fisut goods train during the winter. The leading end 
has both inside and outside journals. The outside axle-boxes are- 
made 1 in. wider than the hornblocks, and are allowed play to that 
extent. The inside axle-boxes fit the hornblocks, but have no collars- 
on the axles, so that the engines can pass freely round curves. 

The cylinders — inside — are 17^ ins. in diameter, have a 24-ins» 
stroke, and are in one casting, the valve-chests being underneath 
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the cylinders. The incliae of the cylinder is 1 in 8, the valve- 
spiindies being horizontal. 

The boiler is i ft. 4 ins. outside diameter, and 10 ft. 4 ins. between 
tabe plates. It is made of mild steel, and, together with the cylin- 
ders, motion, axle-boxes, and nearly all details, are interchangeable 
with the four wheels coupled express engines. The blast-pipe has 
the Tariabie nozzle with which most of the engines of this railway 
are fitted. 

C. Ck>od8 Engines. — ^The six wheels coupled goods engines on this 
railway (fig. 32) have inside cylinders, 17| in. diameter, with 24-in8. 
stroke, and yalves underneath, the same as in the mixed traffic engines 
for this line. The boiler is 4 ft. 4 ins. in diameter and interchange- 
able with that of the mixed traffic engine. The wheels are 4 ft. 11 
ins. in diameter. These engines are used for working the heavy 
ooal trains from South Yorkshire, and give excellent results. A 
great number of details are interchangeable with the four wheels 
coapled and mixed traffic engines previously described. 




Kg. 



t-i ^ • *^  ^* ' I ^^ ^^ 1  *• 

;. rr Ik- 7'7' — i~ - B'€'- *n-- Z'9'—M 

'• - /«7^ -^ • 

-- ier4-- - - .J 

32. — Great Elastem Railway Six Wheels Coupled GkxMls Engine. 



D. Tank Engines.— The suburban traffic on the Great Eastern 
Bailway is exceptionally heavy, as well as extending 30 and 40 
miles from London. The engines to meet this traffic were also 
designed by Mr. James Holden. In designing them interchange- 
ability of parts has been carefully studied. The boilers, cylinders, 
axleSy axle-boxes, motion, and nearly all details are suitable for the 
four wheels coupled express, the mixed traffic, and the six wheels 
coupled goods engines previously described. 

The cylinders — inside — are 17^ ins. in diameter, have a 24-ins. 
stroke, and are cast in one with the steam-chest underneath. The 
tractive force is 108 lbs. for every pound of effective steam pressure 
on the piston. The boiler is 4 ft. 4 ins. in outside diameter, the 
working pressure being 140 lbs. per sq. in. 

The leading and trailing axles each have four journals. The 
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outside axle-boxes have f in. play on each side, and there are no 
collars on the axle between the inside axle-boxes. The leading- 
and trailing-wheels are 4 ft. in diameter and interchangeable with 
the leading-wheels of the four wheels coupled express and mixed 
traffic engines. 

The smoke-box front, and, where possible, all the tank plates are 
flanged, which results in a great saving in material and labour. 
The capacity of the tank is 1460 gallons. 

The six wheels coupled tank engines of this railway are shown in 
fig. 33. These engines, in addition to being used for the large 
amount of local and suburban goods traffic, are also extensively 
used for the heavy suburban passenger traffic particularly on the 
Enfield and Walthamstow lines, where the heavy trains and number 
of passengers during the morning and evening is almost unparal- 
leled on any other railway with a terminus in Loudon. 




Fig. 33.— Great Eastern Railway Six Wheels Ck>upled Tank Engine. 

They have inside-cylinders 16^ ins. in diameter with a 22-ins. 
stroke placed at an angle of 1 in 9, with the valves in between. 
The boiler is 4 ft. 2 ins. outside diameter, and works at 140 lbs. 
pressure per sq. in. The tanks have a capacity for 1 ,000. gallons, 
and the fuel space is 80 cub. ft. The smoke-box front plate is 
flanged round the outside, and inside the opening where the smoke- 
box door fits, thus avoiding the use of angle-iron. 



GREAT NORTHERN RAILWAY. 

Express Passenger Engines. — Fig. 34 is an illustration of the 
outside-cylinder express engines with b ft. 1 in. single driving- 
wheels, designed by the late Mr. P. Stirling for this railway. These 
engines were constructed especially with a view to the attainment of 
high speeds. The cylinders are 18 ins. in diameter and have a 
stroke of 28 ins. The front end of the engine is carried on a bogie 
with wheels 3 fb. 11 ins. in diameter and axles 6 ft. 6 ins. apart. 
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The bogie pivot is not situated centrally, but is 6 ins. nearer to the 
trailing than to the leading axle. This disposition of the bogie 
allows the weight to come more gradually on the rails and so 
prepares the permanent way for the heavy load on the single- 
drivers. The trailing end of the engine is carried on a single pair 
of wheels 4 ft. 1 in. in diameter. ' 

The barrel of the boiler is 4 ft. 1 in. in diameter and 11 ft. 5 ins. 
in lengthy and the firebox has a length of 6 ft. The total heating 
surface is 1165 sq. ft., of which 1043 sq. ft. is in the tubes and 
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Fig. 34. — Great Northern Railway Ebcpress Engine. 

122 sq. fL in the firebox. The grate-area is 17'6 sq. ft. The total 
weight of the engine is 45|^ tons, distributed thus — 

Tods. CwU. 

^>.^ / Leading- wheels, .... 8 2 

'*^^®' t Rearwheelfl 9 9 

Driving-wheels 17 

TraUing- „ 10 12 
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GREAT SOUTHERN AND WESTERN RAILWAY OF IRELAND. 

The following are particulars of the four wheels coupled express 
engines, radial tank engines for branch passenger work, and stan- 
dard goods engines for this railway. 

The cylinders — inside— of the express and goods engines are the 
same. They are 18 ins. in diameter and of 24-in8. stroke. The valve 
motion in these two classes is also the same. 

There are only three sizes of cylinders in use on this line, viz. : — 

18 ins. diameter and 24-in8. stroke for express and standard goods engines. 
17 „ t» 22 „ ,, for old express type. 

16 ,. „ 20 ,, „ for small passenger type. 



»> 
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The driving-wheels for the express engines are 6 ft. 6 ins. in 
diameter. These engines have a leading bogie with wheels 3 ft. 
in diameter. The distance between the centre of the coupled 
wheels ia 8 fL 3 ins. 
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The goods engines have six wheels coupled, 5 ft, in diameter. 
The total wheel-base is 15 ft. 6 ins. 

The boiler is 4 ft. in diameter, and the working pressure 150 lbs* 
per sq. in. 

The tank engines have four wheels coupled of 5 ft. 6 ins. diameter, 
and the leading- and trailing- wheels are 3 ft. 9 ins. in diameter. 
The trailing-wheels have a radial axle-box. The tank capacity is 
1250 gallons. 

GREAT WESTERN RAILWAY. 

Express Passenger Engines. — An example of the 7 ft 8 ins. single 
driving-wheel inside-cylinder express engines on this railway is 
illustrated in fig. 35. These engines were designed by Mr. W. 
Dean for working the fastest express trains between Paddington 
and Newton Abbot. The cylinders are 19 ins. in diameter, and 
have a 24-ins. stroke, and the single-driving wheels are 7 ft. 8 ins. 
in diameter. The diameter of the wheels of the leading bogie is 
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Fig. 3o. — Great Western Railway Express EIngine. 



4 ft., and that of the trailing-wheels 4 fb. 6 ins. The total heating 
surface is 1561 sq. ft., of which 1434 sq. fb. is tube surface, and 
127 sq. ft. fire-box surface. The grate area is 20-8 sq. fb. 

The engines working the Cornish express between Paddington 
and Bristol without a stop run the distance of 118^ miles in 135 
minutes, the average speed being 52^ miles per hour. Between 
Swindon and Bristol there are two banks having a gradient of 1 in 
100. The total weight of these engines in working order is 49 tons,, 
thus distributed : — 

Tons. 

Bogie, 18 

Driving-wheels, ....... 18 

Trailing- „ 13 

49 

In addition to the above — known as the "Achilles'' class — a. 
four-coupled engine, with leading bogie and 7 ft. driving-wheels. 



MODERN LOCOMOTIVES: SIMPLE. 



4^ 



has been designed by Mr. Dean. The cylinders are 20 in8.^>in 
diameter with a 26-in8. stroke. The tractive coefficient is 123*8 lbs. 
The boiler is the same as in the 7 ft. 8 ins. single engines, and 
works at 160 lbs. pressure per square inch. The distribution of 
weight is as follows : — 



Boffie, . 
Bnying-wheels, 
Trailing- „ 



Tods. Cwts. 
19 6 

15 18 

15 12 

50 16 



HIGHLAND RAILWAY. 

A. Eipress Passenger Engines. — On this railway there is, for IT 
miles in one stretch, a gradient of from 1 in 70 to 1 in 80, with 
30-ebain curves, the line at the summit reaching a height of 1485 
h, aboYe sea level. These heavy gradients, and the great weight 
of the trains, severely test the locomotives. 




Fig. 36. — Highland Railway Express Engine. 

The engines on the mail train run the distance between Perth and 
Inverness 144 miles, in 4 hours, including eight stops. The stan- 
dard passenger engines of this Company were specially designed by 
Mr. David Jones, late locomotive engineer to the Company, to draw 
heavy loads up the inclines at a good speed. Fig. 36 represents 
one of the latest engines he had constructed for this Company. It is 
an outside-cylinder four wheels coupled engine, with a bogie at the 
leading end, and a six-wheeled tender. The cylinders are at an 
angle of 1 in 12, are 1 ft. 6 ins. in diameter, and have a stroke of 
24 ins. The diameter of the driving-wheels is 6 ft. 3 ins. The total 
▼keel-base is 21 fb. 6 ins., and the distribution of weight thus : — 
On the bogie, I5i^ tons ; on the driving-axle, 15 tons ; and on the 
^nuling-axle, 14^ tons. 
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B. Goods Engines. — These engines, shown in fig. 37, have six 
wheels coupled and a leading bo^ie, and are amongst the most power- 
ful looomotives in Great Britain. Mention has been made of the 
difBlculties due to the steep gradients and curves on this railway. 
Since, also, it is a single line trains cannot be divided and multi- 
plied. This engine was designed to meet these difficulties and 
keep time between Perth and Inverness with forty-five loaded 
wagons, a pilot being used only from Blair Athole to the county 
boundary, 1485 ft. above sea level. 




Fig. 37. — Highland Railway Six Wheels Coupled Bogie Groods Engine. 

The long fire-box is obtained by the trailing end being disposed 
Above the trailing-axle. The grate-area is 22*6 sq. ft., and the 
fire-box is 7 fL 0^ in. long by 3 ft. 10|^ ins. wide insida The total 
heating surface is 1672 sq. fb. The cylinders are outsi(Je, 20 ins. in 
-diameter, and have a 26-ins. stroke. The connecting-rod is 9 ft. 
4 ins. long. The boiler is 4 ft. 7 J ins. outside diameter, and 14 ft. 
If ins. between tube-plates. There is a compensating beam between 
the driving- and trailing- wheels. The driving-wheels are without 
flanges. The diameter of the six coupled wheels is 5 ft. 34 ins. 

LANCASHIRE AND YORKSHIRE RAILWAY. 

A. Express Passenger Engines. — The inside-cylinder engines with 
four coupled wheels and leading bogie are illustrated in ^g. 38. 
These engines designed by Mr. Aspinall were constructed to work 
the very heavy and fast traffic between Manchester and Southport, 
Blackpool, Liverpool, and Leeds. On the latter are some steep 
gradients — 1 in 63 and 1 in 77. In certain trials made of a run from 
Manchester to Southport the average speed was 48*4 miles, taken 
with a Boyer speed recorder. These runs were made with the 
ordinary passenger trains. 

The trains usually consist of ten large coaches, the weight being 
About 200 tons including engine and tender. These engines are 
fitted with Joy's valve-gear. The tender is fitted with water pick- 
up, the scoop being worked in and out the trough by Mr. Aspinall's 
patent vacuum arrangement. 
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The oonpled driving- and trailing- wheels are 7 ft. 3 ins. in 
diameter, and the bogie wheels 3 ft. O'^ in. The cylinders are 1 ft. 
6 ins. in diameter and have a 26-in. stroke. The load on the- 
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Fig. 38. — ^LAnoashire and Yorkshire Express Engine. 

driving-azle is 16^ toDS, and on the trailing-azle 14| t6ns. The 
boiler is 11 ft. between tube-plates and 4 ft. 2 ins. in diameter. 
The working pressure is 160 lbs. per sq. in. 

B. Goods Angines. — The principal dimensions of the six wheels 
coupled inside-cylinder goods engine designed by Mr. Aspinall will 
also be found in Appendix B. The diameter of the driving-wheels 
18 5 ft. 1 in. The cylinders are 18 ins. in diameter with a 26-ins. 
stroke. The diameter of the boiler is 4 ft. 2 ins. outside and 10 ft. 
9} ins. between tube-plates. The total heating surface is 1216*4 
iq. ft. There is a great deal of heavy goods traffic on this line and 
these engines give very good results. The tenders are duplicates of 
those used for the four wheels coupled express passenger engines. 

G. Tank Eogines. — These inside-cylinder tank engines, shown in 
iig. 39, have leading and trailing radial wheels 3 ft. 7| ins. in 




Fig. 39. — TATioftahire and Yorkshire Radial Tank Engine. 

diameter. The coupled wheels are 5 ft. 8 ins. in diameter and are 
the same distance apart between centres as those of the express- 
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and goods engines of this line. The boiler is the same as that used 
for the express engine. The cylinders are of 18 ins. diameter with 
a 26-ins. stroke. The tanks have a capacity of 1340 gallons, and the 
banker carries 2 tons of coal. 

LONDON, BRIGHTON, AND SOUTH CX)AST RAILWAY. 

The engine diagrammatically shown in fig. 40 is well known as 
the " Gladstone " class of engine designed by the late Mr. William 
Stroadley to work the express traffic on the Brighton Railway. 
The express and tank engines of this class have four coupled 
wheels leading and a single pair trailing. The goods engines are 
flix coupled. All have inside-cylinders. Mr. Stroudley considered 
that by placing the coupled wheels forward, where the greatest 
weight is, the hinder part of the engine might have small wheels, 
the base be shortened, and the use of heavy cast-iron weights at 
the back of the engine be dispensed with. He found that an engine 
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Fig. 40. — London, Brighton, and South Express Engine. 

ran much more smoothly when the centre of gravity was placed 
well forward. He also urged that large leading- wheels pass over 
the points and crossings very easily, causing much less disturbance 
-than small ones. They pass round curves without shock or oscil- 
lation, which is no doubt owing to the small weight upon the 
trailing wheels. A high centre of gravity was adopted, as it was 
believed the engine travelled easier upon the road and more safely 
at high speeds. Mr. Stroudley used six wheels in preference to 
A bogie for these engines, to avoid complication and unnecessary 
weight. It will be observed that they are very light for their 
power. 

Some trials were made with these engines running between 
Brighton and London, when a number of diagrams were taken 
while working an express train of twenty-three vehicles, the total 
weight of train and engine being 335 tons 14 cwts. The quantity 
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of ccud consamed was 24*87 lbs. per mile exclusive of that used in 
raisiiig steam. The temperature of the escaping gases in the smoke- 
box was taken at frequent intervals ; also the degree of vacuum in 
the firebox and in the smokebox, and the quantity of water used 
out of the tender ; to this was added the water condensed from the 
exhaust, which was estimated at 20 per cent. This gave an evapor- 
ation of 12*95 lbs. of water per 1 lb. of coal, and from these trials 
1 lb. of ooal was said to convey 1 ton weight of train 13^ miles at 
an average speed of 43*38 miles per hour over the main line of the 
Brighton Railway. 

(hi the Great Northern, London and South- Western, and Glasgow 
and South- Western Eailways, engines have been built with leading 
coupled wheels for mixed traffic work ; but these engines have not 
-such large leading wheels as those of the Brighton engines. 

The express passenger engines have driving-wheels 6 ft. 6 ins. in 
diameter, and cylinders of 1 ft. 6^ ins. in diameter with a stroke 
<»f 26 ins. The loads on the driving- and leading- wheels respec- 
tively are 14^ tons and 13 tons 16 cwts. In the goods engines the 
cylinders are of the same sisse, but the six coupled wheels are each 
-5 ft. in diameter. The corresponding tank engine has leading- and 
driving-wheels of 5 ft. 6 ins. diameter, and trailing- wheels 4 ft. 6 ins. 
in diameter ; that is, the same as those of the express engine. The 
ianks have a capacity of 860 gallons. 

LONDON, CHATHAM, AND DOVER RAILWAY. 

A. Egress Passenger Engines. — The principal engines of this 
nilway have been designed by Mr. W. Kirtley. 

The four wheels coupled inside-cylinder express passenger engine 
is shown in Plate III. The coupled wheels are 6 ft. 6 ins. in 
diameter, and the cylinders are 18 ins. in diameter with 26-ins. 
stroke. The leading bogie has wheels 3 ft. 6 ins. in diameter. 

The boiler, which is telescopic with lap joints, is made of steel 
plates, and is 4 ft. 2^ ins. outside diameter where smallest. The 
total heating surface is 1120 sq. ft., and the working pressure 
150 lbs. per sq. in. 

The crank-axle is of steel, the webs being hooped with hoops of 
wroaght-iron 3| ins. wide and 1^ ins. thick ; a hole is drilled through 
the centre of each crank-pin journal, and a wrought iron pin 2^ ins. 
•diameter is forced in by hydraulic pressure and rivetted over. 

Hie eccentric straps are of wrought-iron forged solid with the 
eccentric-rod, and fitted with white metal liners. 

The onffine in working order weighs 42 tons 9 cwts. 

B. Gooas Engines. — The goods engine shown in Plate lY. has 
six coupled wheels of cast-steel 5 ft in diameter, tyres 5^ ins. wide 
and 3 ins. thick fastened to the wheels by lips on the outside and 
WTought-iron lip rings on the inside. The tyres are rivetted over 
the lip ring, and the balance weights are cast solid with the spokes 
•vid rim. The motion-plate and homblocks are of cast steeL 
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The cylinders — inside — are 18 ins. in diameter, and have a 26-ix 
stroke. They are jointed in the middle, with valves in between ( 
in the express engines), and have an incline of 1 in 10|. Tt 
crank-axles have pins through the crank-pin journal similar to thot 
in the four wheels coupled express engines. The engine in workin 
order weighs 39 tons 6 cwts. 

C. Taok Engines. — Two bogie inside-cylinder tank engines haT< 
also been designed by Mr. Kirtley for working the suburban traffic 
which is very heavy, on this line. One type, which is used for Metro- 
politan Tunnel and main line working, has cylinders 17 ins. in 
diameter with a 24-in8. 8tix)ke, and four coupled wheels 5 ft. 6 in. in 
diameter. The trailing bogie has wheels of 3 ft. diameter. The- 
capacity of the tanks is 1100 gallons and the coal-box can carry 2 
tons of coal. The total weight of the engine in working order ia 

49 tons 15 cwts. 

The other type is for Metropolitan Tunnel working, particularly 
on the Metropolitan extension and Crystal Palace section. The 
incline from Snow Hill to Ludgate Hill is 1 in 38 and there is a long 
bank from Peckham to the Palace. This type has cylinders 17^ ina. 
diameter with a 26-in. stroke. The four coupled wheels are 5 ft. 7 ins. 
in diameter, and the trailing bogie has wheels 3 ft. in diameter. 
The capacity of the tanks is 970 gallons, that of the coal-box 
1^ tons. The total weight of this engine in working order ia 
51 tons. There is in this engine 26 sq. ft. more heating surfau^ 
than in the smaller tank engine, the tubes being 7{|- ins. longer, and 
the firebox ^ in. wider. There is also *25 sq. ft. more grate area. 

Both these engines are fitted with blast-pipe and condensing^ 
apparatus for working in tunnels ; branch pipes are led from the 
blast-pipe to the sides of the smokebox, communicating with the 
tanks by ]'ipes on the outside. The condensing valves for opening 
or closing the main pipe or branches are worked by gear from the 
foot-plate. In all details, motion, &c., the engines are the same. 

The shunting engines have six coupled wheels, 4 ft. 6 ins. diameter, 
and a total wheel-base of 1 5 ft. The cylinders — ^inside — are 17 ins. 
in diameter, and have a 24-ins. stroke. The boiler is 3 ft. 11| ins. 
in diameter — outside — where smallest^ and is telescopic with lap- 
joints. The working pressure is 150 lbs. per sq. in., and the totiJ 
heating surface is 888 sq. ft., and the grate area 15 sq. ft. The 
capacity of the tanks is 830 gallons, and of the coal-box 1^ tons. 
The weight of the engine in working order is 40 tons 15 cwts. 

These have been most useful engines for shunting and running 
local coal and goods trains, and have been the forerunners of similar- 
engines on other railways. 

LONDON AND NORTH-WESTERN RAILWAY. 

The interest in the engines on this railway largely centres in the 
com|K>und locomotives associated with the name of Mr. Webb, the loco- 
motive engineer to the Company. Of the types of simple engines, 
which are enumerated below, perhaps the most noteworthy are the 
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outaide-cylinder eDgines of the " Lady of the Lake " class. EDgines 
of this class, though, as mentioned in the previous chapter, it dfttes 
from 1862, are still, with light loads, the equal in point of speed 
of more modem competitors. Another type especially worthy of 
notice is the eight wheels coupled coal engine. The wheel-base 
being only 17 ftw 3 ins. is very short considering the number of 
wheels. 

Mention should be made of a later type of simple engine with 
four cylinders, the ''Iron Duke." This engine has four coupled wheels, 
with a leading bogie, and has two outside and two inside-cylinders, 
all driving on the same axle. In general design it is exactly similar 
to the four-cylinder compound engine briefly described in the next 
chapter. 

The types of simple engines in use on the London and North- 
western Railway are indicated in Tables I. and II. 



TABLE 11. — Goods Engines on London and Nobth-Wbstbbn 

Railway. 



ParticQltfi. 



Cylindera — 
Diameter, 
Stroke, . 

Diameter of driv- 
ing-wheels, 

Wheel-base, 

Heating surface — 
Tubes, . 
Firebox, . 



Grate-area, . 

Weight in work 
ing order, 

Weight on driv 
ing wheels, 



1. 



6ft. 


ft ft. 


Six Wheels 


Six Wheels 


Coapled 


roupled 

18 ins. 


SoecUU 
D. X. 


Goods 


dais. 


Class. 


17 ins. 


18 ins. 


24 ins. 


24 ins. 


5 ft. 


5 ft. 


15 ft. 6 ins. 


15 ft. 6 ins. 


8q. Ft 


Sq. Ft. 


980-0 


980-0 


94-6 


103-5 


1074-6 , 


1083-5 



17-1 ft. 

Tons. Owts. 
31 

31 

3 pairs 

coupled. 



I 



171 ft. 

Tons. Cwts. 
35 4 

35 4 

3 pairs 

coupled. 



4 ft. s in. 
Six Wheels 

Ck>apled 
(CoalTnin). 



4 ft. Sin. 
Six Wheels 

i'oapled 

Coal 
Side Tank 

Engine. 



17 ins. 
24 ins. 



4 ft. 3 ins. 
15 ft. 6 ins. 

Sq. Ft. 

980-0 
94-6 



1074-6 



17 ins. 
24 ins. 



4 ft. 3 ins. 
21 ft. 3 ins. 

Sq. Ft. 

980-0 
94-6 



1074-6 



17 1ft. 

Tons. Cwts. 
29 11 



17 1 ft. 

Tons. Cwts. 
43 



29 11 33 11 

3 pairs , 3 pairs 

coupled, coupled. 



4 ft. Sins. 

Si^t 

Wheels 

Coapled 

(Coal Train). 



194 ins. 
24 ins. 



4 ft. 3 ins. 
17 ft. 3 ins. 

Sq. Ft. 
C.C. 39 1 
1120-5 
127 

1^56-6 



Tons. Cwto. 
49 3 

49 3 

4 pairs 

coupled. 
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MANCHESTER, SHEFFIELD AND LINCOLNSHIRE RAILWAY. 

£]9re88 Passenger Engine. — A powerful outside-cylinder express 
engine was designed bj the late Mr. Charles Sacr^ for working the 
fast and heavy traffic of this railway ; the engine departs in several 
natters of detail from ordinary practice, but the results have been 
in all respects satisfactory. The arrangement of the wheel-base is 
peculiar, the single driving-wheels being put further forward than 
BioaL The centre of the driving-wheels is 7 ft. 9 ins. from that of 
the leading pair, and 8 ft. firom that of the trailing-wheels ; the 
total wheel-base, 15 ft. 9 ins. The diameter of the driving-wheels 
ii 7 ft. 6 ins., and of the leading- and trailing- wheels 3 ft. 8 ins. 
The load on the driving-wheels is 17 tons 11 cwts. The cylinders are 
1 fL 5} ins. in diameter, and have a stroke of 26 ins. 

METROPOLITAN RAILWAY. 

Tsnk Enghies. — These engines have been built to meet the heavy 
fuborban traffic on the Baker Street and Aylesbury line, and are 
timed to run 38 miles in 1 hour 25 minutes with 14 stops. They 
do their work remarkably well. They have four coupled wheels 
and a trailing bogie. They condense their exhaust steam in the 
tanks when in tunnels. The cylinders are inside, the diameter 
being 17 ins. and the stroke 26 inches. The crank-axles are hooped, 
and have a 2|-in. steel bolt through the crank-))ins. The steam 
brake is fitted in conjunction with the automatic vacuum brake. 
The coupled driving- and trailing- wheels are 5 ft. 6 ins. in diameter. 

On the underground section of this railway, tank engines with 
entside-cylinders and the condensing arrangement for the exhaust 
steam are also employed. These engines have for many years done 
excellent work. The cylinders are 1 ft. 5 ins. in diameter and have 
a 24-ins. stroke, and the diameter of the driving and trailing coupled 
wheels is 5 ft. 10 ins. 

METROPOLITAN DISTRICT RAILWAY. 



Tsnk Engines. — The locomotives of this railway are of a special 
type, and have developed excellent results in working. They 
were originally designed by Sir John Fowler, and in ordering new 
engines it has not been found necessary to alter the design to any 
great extent. The first were built in 1871 ; they differ chiefly 
ftom the later engines — built in 1886 — in their fireboxes being 
1 ft. longer and about 4 ins. deeper. They originally had Bissell 
tracks instead of Adams' bogie, but these have now been altered. 
-Koit of them have been rebuilt with new boilers. 

The following are particulars of the most recent engines (fij^. 41) 
'eonstmcted in 1886. The cylinders are outside and are of 17 ins. 
in diameter and with a 24-ins. stroke. The coupled wheels are 5 ft. 
9 ins. in diameter. The tractire force is 100 lbs. for each pound of 
^active pressure per sq. in. upon the pistons. The front of the 
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engine is carried on a four-wheel Adams' bogie. The engine is- 
fitted with the Westinghouse brake. When the engine is working- 
in the tunnels the exhaust steam is carried into the tanks through 
two pipes connected to the tanks with cast-iron stuffing-boxes. A 
discharge- valve is placed under the foot-plate for letting the hot 
water out of the tanks. The tank manholes have screw-down, 
steam-tight covers. The pipes to allow the steam and air to escape 
from the tanks are of 6 ins. diameter, and meet over the firebox in 
a 9^ins. mouthpiece with cast-iron top. All the piston and spindle 
glands are packed with metallic packing. 

The engines on this railway — both for the Inner Circle, as well 
as the several services from Wimbledon, Richmond, and Ealing to 
New Gross and Whitechapel — have all been built by Messrs. 
Beyer & Peacock, of Manchester. The consumption of coal is less- 
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Fig. 41. — Metropolitan District Railway Tank Engine. 

than 30 lbs. per mile under heavy work ; many of the curves- 
are very sharp, and the gradient is in one case as steep as 1 in 45,. 
up which nine loaded coaches are taken freely. 



MIDLAND RAILWAY. 

Express Passenger Engines. — Mr. S. W. Johnson's inside-cylinder 
express passenger engine with 7 ft. 6 ins. single driving-wheels is 
shown in fig. 42. It will be seen that this engine is carried at the 
front end on a bogie with wheels 3 ft. 7 ins. in diameter and 6 ft. 
apart, and the trailing end on a single pair 4 ft. 4 ins. in diameter, 
llie cylinders are 18| ins. in diameter and of 26-ins. stroke. The 
boiler pressure is 160 lbs. per sq. in. The total heating surfi&ce is 
1240 sq. ft, 1123 sq. ft. of this being in the tubes. The grate- 
area is 19^ sq. ft. The total weight of this engine is 43 tons. 

The four wheels coupled engine on this railway with 7 ft. driving- 
wheels and leading bogie works with the same pressure as the above 
engine, but has cylinders half an inch less in diameter though or 
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th« same stroke. The heating surface in these is 1261 sq. ft. 
▼eight of the engine is 42 tons 14 cwts. thus distrihuted : — 



Driving-wheels, 
Trailing. .. 



Tons. 


Cwts. 


14 


12 


15 





13 


2 



The 



42 14 

The latest engine on this railway is somewhat larger than that 
fint mentioned above. The single drivers are 7 ft. 9 in. in diameter, 
^ the bogie wheels Z ft 9^ ins. The cylinders are of 19^ ins. 
diameter and have a stroke of 26 ins. The distribution of steam in 
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Fig. 42. — Midland Railway Express Engine. 

the cylinder is effected by piston slide-valves situated beneath the 
cylinders. The weights are as follows : — 

Tom. Cwta. 

Bo^e, 15 16 

Driving-wheels 18 10 

Traiting- 12 15 
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NORTHEASTERN RAILWAY. 

Eipress Passenger Engines. — ^Two types of four wheels coupled 
express engines differing only in a few details have been designed 
hy Mr. Wilson Worsdell to work the heavy express trains between 
York and Edinburgh. 

One type has cylmders 20 ins. in diameter and 26-ins. stroke, with 
the stemn-chests on top. In these the diameter of the driving- 
vheds IB 7 ft. 7^ ins. ; the centres of the coupled wheels 9 ft. 6 ins. 
^Mrt; the height of the centre of the boiler from the rails 8 fti. 
3 ins. ; and the length of the outside of the firebox shell 7 ft. 

The other type, shown in fig. 43, has cylinders 19 ins. in diameter 
'vith a 26-ins. stroke, and the steam-chests outside the main frame. 
The diameter of the driving-wheels in these is 7 ft. 1^ ins. ; the 
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centres of the coupled wheels are 9 ft. 3 ins. apart; the height of 
the centre of the boiler from the rails 7 ft. 11 ins. ; and the length 
of the outside of the firebox shell 6 ft. 9 ins. ^"^"^^ 

In other particulars and details the engines are alike. A list of 
the principal dimensionH is given in Appendix R 

The tender carries 4000 gallons of water, and is also fitted 
with water picking-up arrangement. These engines have to run 
from Edinburgh to Newcastle, a distance of 124^ miles, without 

a stop. ^MP 

Stephenson's link-motion is employed in these engines, and the 
valves are worked by means of a rocking shaft. 




Fig. 43. — North-Eastern Railway Express Engine. 

The large cabs distinctive of the North-Eastern Railway have- 
been fitted to these engines, as also have the crank-axles with 
circular webs introduced by Mr. T. W. Worsdell. 



NORTH LONDON RAILWAY. 

On this railway there is a heavy goods traffic between some of 
the leading lines of railway and the docks. Some of the gradients 
are heavy, between 1 in 87 to 1 in 104 on the main line between 
Canonbury and Bamsbury, and between 1 in 60 to 1 in 100 in 
numerous other gradients. On the dock branches, gradients a& 
steep as 1 in 29 have to be met with. 

The engines for this traffic have outside-cylinders 17 ins. in 
diameter and of 24-in. stroke, and coupled wheels 4 ft. 4 ins. in 
diameter. The tractive power is 133*4 lbs. for each pound of 
effective pressure per square inch on the pistons. The steam pres- 
sure is 100 lbs. per sq. in. 

The design is very simple and straightforward ; all working parts 
are readily accessible, while large bearing surfaces are provided. 
The wheels are of cast iron ; the axles, frames, and boiler shell are of 
steel, and the firebox of copper ; the tubes are also of steel. 

In a trial made with one of these engines a load of 655 tons,. 
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exclusive of the engine itself, was hauled up a gradient of 1 in 100 
It Harlesden. These engines take trains of mW wagons and two 
hnkes, averaging about 420 tons, over the main line, and can start 
on the banks with this load in all weathers. 

SOUTH-EASTERN RAILWAY. 

A. Express Passenger Engines. — The four wheels coupled inside- 
blinder express engine, designed by Mr. James Stirling for the 
express passenger traffic on this line, is shown in fig. 44. The 
Continental express trains have to be run from Dover and Folkestone 
in very &st times, and when running the heavy excursion traffic to 
Hastings some steep gradients haye to be met with. The cylinders are 
19 ins. diameter, and have a 26-ins. stroke. They are jointed at the 
centre, the valves being placed between : this is one of the few 
eaaes in which cylinders of this diameter with valves in between 
bsve been adopted. 
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Fig. 44. — Soath-Eaatem Railway Ezpreae Engine, 

The boiler is 4 ft. 4 ins. outside diameter where smallest, and 
10 ft. 8|^ ins. between tube-plates. It is built of steel, and is lap- 
jointed. The boiler has no dome, and it is stated that there is no 
difficulty from priming. The steam is taken from an internal 
steam-pipe of 5 ins. internal diameter, which is fitted as closely as 
possible to the top of the boiler, and has 260 holes ^ in. in diameter 
snd of I in. pitch on the top side. The regulator is fixed in the 
smokebox, and is worked by a rod 1^ in. in diameter passing through 
Ae intenud steam-pipe. 

The roof of the firebox is stayed by direct stays, no roof-bars 
being ased. 

The diameter of the cast-steel driving- and trailing-wheels is 7 fL, 
the centres being 8 ft. 6 ins. apart The bogie is described in 
Chapter xii. The diameter of the bogie wheels is 3 ft. 9^ ins. and 
the wheel centres are 5 fi. 4 ins. apart. 
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The steam reversing-gear invented some years ago hj Mr. James 
Stirling is employed. This is arranged vertically on the side of 
the engine, and consists of a steam and water cylinder. It can be 
used slowly or quickly at will and takes up but little space. 

B. Goods Engines. — The type of boiler without dome, and direct 
staying for the firebox roo^ the internal steam-pipe, the regulator 
in smokebox, and the steam reversing -gear, are the same as 
described above. The boiler is 4 ft. 4 ins. in diameter, lap-jointed, 
and is 10 ft. 7-1^ ii^ between the tube-plates. The cylinders — ^inside 
— are 18 ins. in diameter, and have a 26-ins. stroke, with valves in 
between. The six coupled wheels are 5 ft. 2 ins. diameter. The 
total weight of the engine in working order is 36 tons 15 cwts. 

C. Tame Engines. — These tank engines were designed for working 
the heavy suburban traffic on this line. The leading- and driving- 
wheels are 5 ft. 6 ins. in diameter, and are coupled. They are 7 fL 
5 ins. between centres. The bogie at the trailing end is similar to 
that used at the leading end of the four wheels coupled express 
engine. The bogie wheels have a diameter of 3 ft. 9| ins., and are 
5 ft. 4 ins. between ceiitres. 

The boiler is 4 ft. 4 ins. diameter and 10 ft. 7-^'^ between the tube- 
plates. As regards the roof-stays for the firebox, the absence of a 
dome, the internal steam-pipe with regulator in the smoke-box, and 
steam reversing-gear, these engines are similar to the four wheels 
coupled express engines and six wheels coupled goods engines. 

The cylinders — ^inside — are 18 ins. in diameter, and have a 26-ins. 
stroke ; they are jointed at the centre, with the valves in between. 

The capacity of the tanks is 1050 gallons, and there is sufficient 
space for 30 cwts. of fuel. The total weight of engine in working 
order is 48 tons 13 cwts. The fire-bars, as of the other engines of 
this line, are of wrought iron. 
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CHAPTER III. 

MODERN LOCOMOTIVBS: COMPOUND. 

ConTJUTB. — ^Early Compound Locomotives — Mallet's Compound Locomotives — 
VoQ Borrieff^ System — London and North- Western Rcdlway; Webb's 
S^rrtem— Worsdell's System— North-Eastem Railway— Lindner System— 
Vaaclain System — Starting of Compound Locomotives — Maximum Gkkin 
from Compounding. 

Thb application of the compound principle to locomotive engines 
baa made great -progteas daring the last twelve years. The main 
object is to carry the expansion of the steam in the cylinders to a 
b^her grade than is possible in the simple locomotive, and thus, 
tkrongh the more economical use of the steam, to save fuel. 
Numerous devices and systems have been the result of efforts 
eitending over many years. 

Early Compound Locomotives. 

In 1834* a Dutch engineer named Roentgen took out £Dglish 
patents for a multiple expansion two-cylinder locomotive; but 
there is no record of the introduction of an engine on his ])rinciple. 

In 1847 Mr. Nicholson, foreman on the Eastern Counties Rail- 
way, introduced a continuous expansion engine. In this, steam was 
admitted to one cylinder only for one half of the stroke, when a 
eommunication was opened with the second cylinder, in which the 
piston was at the beginning of the stroke. Expansion then began 
in both cylinders. When the first cylinder reached the end of its 
stroke^ communication between the cylinders was cut off, and 
exhaust commenced in the first cylinder, while expansion continued 
in the second until the end of the stroke of that cylinder. The 
exhaust pressure in the first cylinder was kept high for the purpose 
ef causing a strong blast. In the second cylinder a very high rate 
of expansion was obtained. A goods engine was altered to this 
ayatem, and was said to save 12 lbs. of coke per mile when per- 
forming the same amount of work as before the alteration. 

Mr. Morandiere in 1866 published a design for a three-cylinder 
compound locomotive for Uie Metropolitan Railway, having one 
inaide high-pressure cylinder, and two outside low-pressure 
cylinders, all of equal diameter and stroke. This project was not 
executed, and the three-cylinder locomotive seems to have been 
forgotten till it was re-introduced in another form some years later 
h^ Mr. Webb. 



58 DESIGN AND OONSTBUCIION OF LOOOMOnVBS. 

Mallet'8 Compound Locomotives. 

In 1875 M. Mallet designed a two-cylinder compound locomotive, 
which was made at Creusot for the Bayonne and Biarritz Railway, 
and he has the credit of having first really introduced the 
compound locomotive. After experimenting for many years he 
showed, at the Paris Exhibition of 1878, a six wheels coupled tank 
engine, which was arranged to work either simple or compound 
by simply moving an ordinary slide-valve placed on the side of the 
smokebox. This valve was connected with both cylinders, and 
with the live and exhaust steam-pipes. When the valve was in 
one position, the steam from the high-pressure cylinder was con- 
ducted to the low-pressure cylinder, while the direct exhaust from 
the high- pressure cylinder, and the live steam supply to the low- 
pressure cylinder were cut o& The engine thus worked compound. 
In the other position the valve opened ports admitting live steam to 
the low-pressure cylinder, and also opened a direct exhaust from the 
high-pressure cylinder; at the same time it closed the communication 
between the two cylinders. With the valve in this position both 
cylinders thus worked with live steam and a free exhaust as in an 
oniinary engine. The reversing gear was arranged so that the 
cut-off in the high-pressure and low-pressure cylinders were each 
independent of the other. M. Mallet also designed a four-cylinder 
compound locomotive, with one high-pressure and one low-pressure 
cylinder, placed tandem, on each side of the engine, each pair con- 
trolled by one valve-motion. In this engine there was an equili- 
brium stop-valve to act both as regulator and starting valve. A 
triple-expansion high-speed locomotive, having one cylinder 18 ins. 
and three cylinders 26 ins. in diameter, was also designed by 
M. Mallet. 

This system is non-automatic; that is to say, the change 
from simple to compound working, and vice verady is entirely under 
the control of the driver. 

Von Bonies' System. 

1 n 1880 Herr A. von Borries, then engineer of the Prussian Railway 
at Hanover, encouraged by the economical results of Mallet's engines, 
had two compound locomotives built to his designs. In the same 
year he improved upon these engines by connecting the two valve- 
motioDS to one reversing-shaft, and by using live steam in the low- 
pressure cylinder only for starting, the proper proportions of cut- 
off in the two cylinders being maintained by the reversing gear 
itself. This relieved the driver from all responsibility as to the 
work done by each cylinder. 

In 1884 he introduced his well-known intercepting valve, shown 
in fig. 45, which, when closed by the driver, separates the low-pressure 
cylinder from the receiver, and opens a small communication with 
the main steam-pipe. When the regulator is then opened, the wire- 
drawn steam which starts the low-pressure piston cannot enter the 
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neeiTer and exert back pressure on the higb-pressura piston. After 
(tarting, the receiver becomes filled with ste&m exhausted from the 
big^-pressure cylinder; and aa soon as its pressure slightly exceeds 
tbst in the luw-pressure steam-chest, the intercepting valve opens 
utomaticailj ; &9 the intercepting valve opens, the small live steam 
nlve closes, and the *engine then begins working on the compound 
principle. 

Herr von Borriee added to his intercepting valve one or two small 
pistons, or an annular face on the rod, which were exposed to the 
lire steam for the purpose of cloaiog the valve aatomaticallj when 
sUrtiug. By this means the action of the intercepting valve became 
fnllf automatic. 

After several years experience of compound locomotives fitted 
with intercepting valves, von Borriee came to the coaclnsioa that 
it was better to give the engine-driver control over the interceptisj^ 



To Lftr-fiffssun CfSnttr 
Fig. 49.— Von Borries' Starting Valve. 

valve, and to provide a separate exhaust for the high-pressure 
i^linder at starting. He therefore designed a new arrangement of 
darting ge&r. In this arrangement a double piston valve works 
horiiontallT in a chamber on top of the high-pressure steam chest. 
^is chamber has three main passages — one leading to the receiver, 
one to the high-presaare exhaust, and the third leading to the 
•tniosphere. It also has a passage connected with a small pipe 
coDimunicating with the high-pressure steam-j>ipe, the flow from 
which is controlled by a reduced portion of the valve spindle. The 
■teaa that goes directly to the receiver and low-pressure cylinder 
St starting comes through this passage. When the piston is at one 
Bud of the stroke the exhaust passage from the high-pressure 
cylinder to the atmosphere is open. When in the other position 
the separate exbanst is closed, and the passage is open through 
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which the high - pressure cylinder exhausts into the receii 
A lever is fixed in the cab by which at starting the driver adm 
steam at the back of the piston and closes the intercepting val* 
thus opening the exhaust from the high-pressure cylinder to t 
atmosphere for as long a period as may be desirable* 



LONDON AND NORTH-WESTERN RAILWAY. 

Webb's System. 

In 1878 Mr. Webb of the London and North-Western Railw« 
converted one of Trevethick's old outside-cylinder passenger engine 
into a compound engine. This engine had 16-in. cylinders and 6-f) 
driving-wheels, and the conversion was effected by reducing thi 
diameter of one of the cylinders to 9 ins., the other being retainec 
as a low-pressure cylinder. The engine was fitted with a startiQ| 
valve similar to Mallet's. 

This ungine ran for some time on a branch line, giving very good 
results. 

In 1881 he designed and built the first of his three-cylinder 
compound locomotives — the '' Experiment " — having two outside 
high-pressure cylinders and one inside low-pressure cylinder. The 
primary objects were to attain economy in fuel, and to do away 
with the coupling of the wheels, while yet utilising the adhesion 
of two pairs. 

A large number of engines on this system have been built. 

Compound Express Passenger Engines. — Another design of Mr. 
Webb's — ^the '* Dreadnought " class — has two outside high-pressure 
cylinders 14 ins. in diameter and of 24-ins. stroke, and one inside low- 
pressure cylinder 30 ins. in diameter and of 24-ins. stroke. Each engine 
is fitted with Joy's valve gear. The high-pressure cylinders in these 
engines are attached to the outside frame-plates about midway 
between the front tube-plate and the middle pair of wheels, and 
drive the trailing-wheels. The low-pressure cylinder is placed 
between the frames beneath the smokebox, and is connected to the 
single-throw crank-axle of the middle pair of wheels. Boiler steam 
is conveyed directly to the high-pressure cylinders, and the exhaust 
from these is taken through pipes round the smokebox to the low- 
pressure steam-chest. The exhaust steam from the low-pressure 
cylinder is delivered into the blast-pipe and thence to the chimney 
in the usual way. ->^ 

By a valve fitted to the pipe forming the receiver in the smoke- ^ 
box, and opening directly into the blast-pipe, the driver is enabled 
at starting to turn the exhaust steam from the high -pressure 
•cylinders directly into the chimney, and, by a valve placed on 
the side of the smokebox, to admit a small amount of live steam 
from the boiler into the receiver and thence to low-pressure 
•cylinder. 
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Engines of large power may be built on this system, as, owing to- 
the arrangement of cylinders, there is plenty of space between the 
frames for a large low-pressure cylinder. 

Another engine, the eight- wheeled three-cylinder compound 
express passenger engine ''Greater Britain" of this railway, is 
shown in Plate V. 

This class of engines was designed by Mr. Webb to work fast 
and heavy trains. Besides being compounded according to his 
system they are fitted with several important details. Ijbus, the- 
nidial box at the leading end, the single eccentric for the low- 
pressure valve, aiid the combustion chamber in the boiler demand 
special mention. The high- and low-pressure valves are all worked 
by rocking levers. The West Coast corridor trains, which are very 
heavy, are worked by these engines. The weight, without the 
engine and tender, when fully loaded with passengers, luggage, &c., 
is given as 277 tons. 

Although there are two pairs of driving-wheels, this is not a 
coupled engine. It is carried on four pairs of wheels — two pairs of 
driving-wheels 7 ft. 1 in. in diameter, both in front of the firebox,. 
and leading- and trailing-wheels each of 4 ft. H ins. diameter. The 
leading pair are fitted with Webb's radial axle-box ; the axle-boxes 
of the trailing-wheels having ^ in. side play. 

The boiler is telescopic and is 4 fb. 2 ins. in diameter outside 
where smallest. The barrel is 18 ft. 6 ins. long. The boiler has 
an intermediate combustion chamber 2 ft. 8^ ins. long placed in the- 
length of the barrel ; the distance between the firebox and com- 
bastion chamber tube-plates being 5 fb. 10 ins., and between the 
combustion chamber and front tube-plates 10 ft. 1 in. The com- 
bustion and front tube-plates are each | in. thick. At the bottom 
of the combustion chamoer is an opening 1 ft 3 ins. in diameter, to* 
which a hopper is attached for the reception of ashes. 

The two high-pressure cylinders are of 15 ins. diameter and 24-ins.. 
stroke, and the low-pressure cylinder of 30 ins. diameter and 24-ins.. 
stroke. The relief-valve for the low-pressure steam-chest is loaded 
to 80 lbs. per sq. in. There are 156 front and 156 back tubes, each 
of 2|- ins. outside diameter. The total heating surface in tubes and 
firebox is 1541 sq. ft, and the grate-area is 20*5 sq. ft. The working 
pressure is 175 lbs. per sq. in. 

The weight of the engine in working order is 52 tons 2 cwts. ;. 
the distribution being thus : — 

Leadins-axle, 

Front oriving-axle, 

Rou* driving-axle, .... 
Trailing-axle, 

The following is a list of references to Plate V for parts shown 
therein which are distinctive of this engine as compared with, say,, 
a simple engine such as that shown in Plate I. 



Ton*. 


Cwto. 


12 


16 


15 


10 


15 


10 


8 


6 
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INDEX TO PLATE V. 



Three-Cylinder Compound EjcjjresH Engine^ 



A Intermediate combustion chamber. 

A^ Steam nozzles in combustion cham- 
ber. 

A' Water tubes in combustion cham- 
ber. 

A' Ash hopper and discharging valve. 

B High • pressure outside • cvlinder 
<£iving through connectmfi^rod 
B^ the traiting driving-axle B'. 

B' Link-motion working valves of 
hiflh- pressure cylinder through 
rod B^ and rocking shaft B^. 

B* Steam supply-pipe to high-pressure 
cylinder. 

C Low - pressure inside - cylinder 
driving leading driving-axle C^. 



C^ Loose eccentric working valve of 
low - pressure cylinder through 
rocking shaft C?. 

O Exhaust-pipe from high-pressure 
cylinder forming receiver and 
supply - pipe for low - pressure 
cylmder. 

C Exhaust and blast-pipe from low- 
pressure cylinder. 

D Intercepting or startinff valve for 
permitting exhaust from hiffh- 
pressure cylinders to be oTis- 
charced into blast-pipe. 

E Radiafaxle-box supporting leading 
end of engine. 



Mr. Webb's latest design of compound engine — the ''Black 
Prince " — departs from those above described in several important 
respects. In this there are four cylinders, each of 24-in8. stroke ; 
two outside high-pressure cylinders of 15 ins. diameter, and two 
inside low-pressure cylinders of 10^ ins. diameter. These are all 
situated abreast below the smokebox and all drive on one axle. 
There are two coupled pairs of wheels of 7 ft. 1 in. diameter. The 
leading end is supported on a four-wheeled double radial truck or 
bogie with wheels 3 ft. 9 ins. diameter, and 1 in. side play. The 
•cranks on which the high- and low-pressure cylinders on each side 
of the engine drive are directly opposite to each other ; and the 
valves of the inside low-pressure cylinders are worked through 
simple levers at the front end from those of the outside high-pressure 
•cylinders. The valves of the latter are worked by Joy's gear. 

The cranked driving-axle has a central bearing 7 ins. in diameter 
and 5^ ins. long, in addition to the ordinary end bearings, which 
are 7 ins. in diameter and 9 ins. long. 

In order to obtain a uniform distribution of the draught over the 
tubes, the smokebox is divided by a horizontal partition into two 
•compartments, each provided with a separate chimney and blast- 
pipe. 

The tube heating surface is 1241 sq. ft., the firebox heating sur- 
face 159 sq. ft., and the grate area 20*5 sq. ft. 



Weights — Radial truck or bogie, 
Driving-wheels, • 
Trailing- wheels, . 



Tons. 


Cwts. 


19 


16 


17 


18 


16 


14 



Total, 



54 



8 
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Cempoond Goods Engines. — Mr. Webb has also designed and built 
s oampound eight wheels coupled engine to work the heavy goods 
and ooal trains on this railway. The high-pressure cylinders, of 
which there are two, are 15 ins. in diameter and of 24-ins. stroke ; 
and the single low-pressure cylinder is 30 ins. in diameter and of 
Si-ins. stroke. They all three work on the same pair of wheels, the 
crtnk being a built up ona 

The boiler is of the ordinary type and not fitted with the com- 
bustion chamber as used on the " Greater Britain." The length 
of barrel is 15 ft. 6 ins.; the length between tube-plates 13 ft. 4 ins.; 
and there are 210 tubes of If ins. outside diameter. The 
meuL diameter of the barrel is 4 ft. 3 ins., and the working pressure 
is 175 Iba per sq. in. The total heating surface is 1489 sq. fb., and 
the grate area 20*5 sq. fL, the ratio being 1 : 72-6. The height of 
the centre line of the boiler abore the rails is 7 ft. 10^ ins. The 
▼heels are 4 ft. 5^ ins. diameter, and the total wheel-base 17 ft. 3 ins. 

The valve-gear of the high-pressure cylinders is a link-motion, 
and the low-pressure is fitted with Webb's single eccentric. 

The weight of the engine in working order ii 



Tom. Cwts. 

Leading-wheels, 12 10 

Driving-wheels, 14 8 

Intermediate-wheelB, 12 14 

I^wling-wheels, 9 13 

Total, ... 49 5 



Worsdell's System. 

In 1885, Mr. T. W. Worsdell, then locomotive superintendent 
«f the Great Eastern Railway, designed and constructed a number 
ff four wheels coupled compound express locomotives having two 
jsside cylinders 18 ins. and 26 ins. in diameter respectively, working 
ui the ordinary manner. The arrangement was similar to that of von 
^itiea. The intercepting valve (fig. 46) is a flap valve which is 
closed at starting by the action on a small piston of the live steam 
for the low-pressure cylinder. It is automatic, the change 
from the use of boiler steam in the low-pressure cylinder to com- 
pomui action not being controlled by the driver but taking place 
whenever the pressure in the receiver, resulting from the exhaust 
of the high-pressure cylinder, rises sufficiently to open the inter- 
eepting valve. In this system only one handle is necessary for the 
reversing gear, the proper profiortion of cut-off in the two cylinders 
^g regulated by the different positions of the levers on the 
ie?ersmg shaft and the different lengths of the hanging links. 
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Fig. 46. — Woradall'g Int«ro«pliiig aad Starting V»Ito. 
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NORTH-EASTERN RAILWAY, 

Compomid fiqrresB Passenger Engines. — The four wheels coupled 
engioes designed by Mr. T. W. Woradell for the North-Eastem 
Railway were first constructed with a single pair of wheels at the 
leading end. Later engines differing from these have been built 
with the leading end carried on a four-wheel bogie. 

There is one high-pressure and one low-pressure cylinder of 18 ins. 
and 26 ins. diameter respectively, and 24-ins. stroke. These are in 
one casting with the steam chest on the top, the exhaust steam 
from the high-pressure cylinder being taken through a pipe in the 
smokebox to the low-pressure steam chest. In this pipe is the 
intercepting valve which is so important in the Worsdell and von 
Borries system of compound locomotives. 

Joy's valve-gear is fitted to the engines and is particularly well 
adapted for the design of cylinders with the valves above. 

As in all Mr. Worsdell's engines these are fitted with crank-axles 
^h ckrculsr webs enabling them to be finished in the lathe. 

The boiler — made of steel plates — is 4 ft. 6 ins. outside diameter 
ftod 10 ft. 11^ IBB. between tube-plates. The driving- and trailing- 
vheels are 6 ft. 8i ins. in diameter and are of cast steel. 

These engines run the Scotch express trains on the East Coast 
fi^rai Newcastle to Edinburgh, and have on several occasions made 
excellent performances. 

Another type of compound engine designed by Mr. Worsdell is 
his single driving-wheel express engine shown in fig. 47. These 
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Fig. 47. — North-Eastem Express Compound Engine. 

were built to work the heavy East Coast traffia The distance 
^m Newcastle to Edinburgh is about 1 25 miles and these engines 
have to run their trains through without a stop. The tender 
carries 3940 gallons or nearly 18 tons of water. This is a greater 
quantity than had ever before been carried in a tender, and under 
the most unfavourable circumstances is amply sufficient for this long 

5 



66 DESIGN AND CONSTRUCTION OF LOCOMOTIVES. 

run with a heavy train. This sufficiency is also further ensured since, 
as the engines are working compound, there is a saving in water (said 
to be about 18 per cent.) as compared with non-compound engines 
on the same service. From trials made, the consumption of all the 
compound passenger engines working the same relative trains 'with 
the non-compound engines averaged, during twelve months, a net 
saving of 22 per cent, of coal per 150 tons train per mile. 

In working the fast passenger traffic between Newcastle and 
Edinburgh, the number of vehicles varying from ten to twenty-two, 
these engines have no difficulty in running within time. On one 
occasion a trial was made between Newcastle and Berwick with a 
train of thirty-two empty carriages, the distance being 67 miles 
and the total weight of train 270 tons. The time was seventy- 
eight minutes^-or three minutes less than that of the Scotch 
express — and with the heaviest loads it is quite unnecessary to 
provide an assisting engine — an important consideration in the 
economical working of a railway. A noteworthy feature in these 
engines is the way in which the 20 ins. and 28 ins. cylinders are 
disposed between the narrow-spaced frames. They are placed at 
different levels but with the same horizontal distance between the 
centre lines as that in all the engines that Mr. Wprsdell has con- 
structed for some years, whether compound or non-compound, and 
thus all the crank-centres and valve-motions (Joy's) are the same. 
The driving-wheels have Gresham's sand-blast fitted to them to 
secure adhesion, and the crank-webs are circular. The boilers 
have been constructed and tested to carry a working pressure of 
200 lbs. per sq. in., but the pressure has not been required actually 
to exceed 175 lbs., at which pressure these boilers are now working. 
These engines steam well and run exceedingly steadily. With a 
special train of eighteen six-wheeled carriages a speed of 90 miles 
per hour is said to have been attained. 

Compound Goods Engines. — This type of engine, constructed in 
the shops of the Company at Gateshead, has run regularly the 
heaviest goods trains. Its normal work is on the fast goods service 
between Newcastle, York, and Leeds, the average train consisting 
of forty loaded wagons, although sometimes fifty have been taken 
in the time allowed. In a test comparison made with the 
best ordinary engine on the same service, the compound engine 
hauled 16 per cent, more trucks, with a consumption of 18 per 
cent, less fuel than its competitor. The cylinders are both of 
24-ins. stroke, and the diameter of the high-pressure cylinder is 
18 ins., and of the low-pressure 26 ins. The six coupled wheels 
have each a diameter of 5 ft. 1^ ins. 

There are one or two special features in this engine. Perhaps 
the most observable is the form and size of the cab. This was 
designed with a view to more complete shelter and comfort, owing 
to the exposed character of so much of the line on the East Coast. 
The sides are of iron and the roof is of wood ; the glass windows 
slide so as to open, and there is as ample look-out as on any other 
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4ingine. The drivers much appreciate the comfortable shelter 
provided. 

There is also a new departure, which has already been alluded to 
in connection with several of Mr. Worsdell's engines, in the crank- 
axle. Previously an oval or elliptical form of web, on which a 
strong hoop could be firmly shrunk, was employed. These necessi- 
tated special machines for shaping both the cheeks and the hoops 
truly to each other. It occurred to Mr. Worsdell that, if the cheeks 
were made perfectly circular and not hooped, the whole crank 
could be turned up in a lathe. The result has been highly satis- 
&ctory and a great number of engines have since been fitted with 
these cranks. The working parts of this engine are all massive in 
their construction; all the working parts have large surfaces. 
Joy's valve-gear is employed. The working boiler-pressure is 160 
lbs. per square inch. These were the first compound goods engines 
used on an English Railway. 

Compound Tank Engines. — ^These engines, a new type of mineral 
tank engine on the Worsdell and von Borries system, are used 
for working heavy mineral trains from the Durham and Newcastle 
coal-fields to their destination, east and west. The usual weight 
of the train, on the average gradient, is forty loaded wagons carrying 
ten tons each, or sixteen tons inclusive of the weight of the wagon, 
amounting to a gross weight of 640 tons. The design of these 
engines, shown in fig. 48, is the same as that of the six wheels 
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Fig. 48. — North-Eastem Compound Mineral Tank Engine. 

conpled compound goods engine in regular use on this line just 
mentioned, except that in these there are side tanks on a longer 
frame, carrying the coal bunker and part of the water tank, and a 
pur of trailing wheels with radial axle-boxes. The latter are to 
enable the engines to enter the sharp curves of sidings and colliery 
lines in the districts where they have to work. The consumption 
of coal has been found to be approximately the same as in all other 
compound engines, and to involve a considerable saving over non- 
compound engines working on the same traffic. 
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Lindner System. 

A compound passenger locomotive on the Lindner system 
was built by the Pennsylvania Railroad, from the design of 
Mr. Vogt. In this engine the high-pressure cylinder ia 
19^ ins. in diameter and of 28-ins. stroke, and the low-pressure 
cylinder 31 ins. in diameter and of 28-ins. stroke. The working 
boiler-pressure is 200 lbs. per square inch. The main valves are 
of the piston type, each 12^ ins. in diameter, with a maximum 
travel of 7 ins. in full gear. The valves are reduced near the 
centre of their length, and the annular cavity thus formed com- 
municates, in the case of the high-pressure valve, with the boiler 
steam-pipe, and, in the case of the low-pressure valve, with the 
receiver— a copper pipe of 8 ins. internal diameter. It will be 
seen, therefore, that the steam for both cylinders is admitted at 
the centre and discharged at the ends of the valves. The Lindner 
system is not strictly automatic as regards live stenm supply for 
the low-pressure cylinder at starting, though, when the engine is 
working in the usual way, it is practically so. Steam is admitted 
directly from the boiler to the low-pressure cylinder only when the 
reversing lever is either at the extreme forward or extreme back- 
ward position. When the lever is notched up after the first few 
revolutions, as under ordinary conditions, the admission of steam 
directly from the boiler to the low-pressure cylinder is cut-off. 
This system has also been tried on the Saxon State Railroad, and 
on the Chicago, Burlington, and Quincy Railroad, U.S. 

Vauclain System. 

At the Baldwin Locomotive Works a great number of compound 
locomotives have been built on the Vauclain system — a four- 
cylinder, non-receiver type with a single piston valve for controlling 
the steam in each pair of cylinders. A great deal is claimed for 
this system, and it is looked upon by many as the best four-cylinder 
type of compound locomotive yet designed. The cylinders are 
arranged two on each side, with the high-pressure cylinder above 
or below the low-pressure cylinder. The steam chest is cast in one 
piece with the cylinder casting, and is placed as near the cylinder 
as possible. The power from both cylinders is transmitted through 
one orosshead. 

The starting valve is not connected in any way with the valve 
gear of the locomotive, and is worked from the cab by a small lever 
near the reversing lever. 

The steam valve is a hollow piston with solid ends and an annular 
cavity round the middle. With the valve in a certain position, as 
shown in fig. 49, the steam from the boiler enters the valve chamber 
through poi*ts A, and passes from the ports A to ports B, and so 
into the front end of the high-pressure cylinder. There it expands 
during the time the port is closed by the valve. At this time the 
back end of the high-pressure cylinder contains steam that has 
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nlrewly been once expanded, and is ready for exhaasting into thu 
lov-presanre cylinder. This paaaes through the pasoago B>, and 
thence to the inside of the valve, whence, at'ter flowing from the 
back to the front end, it enters the passage D and so passes into 
tlte front end of the low-pressure cylinder. In the back end of the 



Fig. 49. — Vauclain'B Compound Locomotive. 

low-pressnre cylinder is steam chat has been nsed in the low-presanre 
cylinder and is ready for being finally exhauBted. This passes from 
the back end of the low-proasure cylinder tbroogh the passage 
D> to the exhaust passage C, nnd is thence discharged into the 
Umospharf. 

Starting of Compound LooomottvaB. 

Owin)[ to the fact that one cylinder only takes steam from the 
boiler, the compound engine will not as a rule start a train so 
•ttiafHctorily as an ordinary engine. In the Mallet and other 
■rileDii having independent exhaust for the high-pressure cylinder, 
the starting conditions srp, however, almost identical with those 
cf the simple engine. If the high'pressure cylinder is of the same 
«iie as one cylinder of the simple locomotive and the cylinder ratio 
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is 2, it is only necessary to admit steam of one-half the^ boiler 
pressure into the low-pressure cylinder in order to have starting^ 
power equivalent to that of a simple engine, the same boiler pressure 
being used. If the boiler pressure of the compound is higher than 
that of the simple engine, and the high-pressure cylinder is of the 
same size as that of the simple engine, the starting power of the 
compound may even be greater. In the Worsdell and von Borries 
type, and others with automatic intercepting valves, the conditions 
in starting are not so favourable. When steam is admitted to the 
receiver by means of the starting valve, the intercepting valve is 
closed and the high-pressure piston therefore starts against the 
pressure of the steam or air which filled the receiver first before 
the starting valve was opened. It is generally assumed that the 
pressure of the steam, which is admitted directly to the receiver in 
starting, is reduced by wire-drawing to about one-half the boiler 
pressure. Assuming this to be so, the high-pressure cylinder back 
pressure will become sufficient to open the intercepting valve when 
about five-eighths of the second stroke has been accomplished, and 
the engine thereafter works compound. 

Maximum Gain from Gompoonding. 

In fig. 50 the theoretical indicator diagram is shown for an 
ordinary continuous expansion two-cylinder compound with 
cranks at right angles ; the low-pressure crank leading. The 
efi*ect of the "receiver drop" is shown very plainly. An 
average diagram, as actually obtained, is shown superposed, 
and the discrepancy between the theoretical and 'practical is 
seen to be enormous. Evidently the ordinary two cylinder com- 
pound entails very much increased diameters for both low and 
high-pressure cylinders — owing to the low effective mean pressure 
obtainable — where the object is the proiluction of power equal to 
that developed by non-compound high-pressure engines. The 
limit of useful. expansions in the high-pressure engine is probably 5, 
not on account solely of the shortness of the cut-off entailed by this 
expansion ratio, but principally because of the tremendous compres- 
sion involved. Even with 5 expansions, compression, which is 
determined solely by the link-motion employed, begins at about 60 
per cent, of the stroke, and cannot be allowed to occur earlier with 
safety. In the compound engine a ratio of 8 will probably be the 
limit of useful expansion. If we calculate by the method to be 
described in the next chapter the mean pressure due to an initial 
pressure of 1 )b. per sq. in. with these ratios of expansion, we obtain 
respectively 0*522 and 0*3(^5. To obtain the work done in each case 
we must multiply by the respective expansion ratios. Hence the 
maximum theoretical gain by compounding will be, for a boiler 
pressure of 175 lbs., 

0-385 X 190 X 8 , ,, 

^ . ,^ 77^7^ = I'lo — or 18 per cent. gam. 

0-522 X 190 X 5 * * 
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Bat on acooant of the opportunitj which occurs— real or supposed 
—for mcreasmg the undoubtedly low actual heat efficiency of the 
non-compoand engine, inventors may be trusted, in spite of the low 
theoretical advantage, not to cease their attempts at the solution of 
a most interesting problem. 




Fig. 50. — Actual and Theoretical Diagrams for Compound Engine. 

The low-pressare piston is half a stroke in advance of the hiffh-pressure 
putOQ thronghoat. The cylinder ratio is about 2'1 ; the cut-off at 50 per 
<!«Dt. in the high-pressure cylinder. In this the steam exptands from A to B, at 
vhich point release takes place. Pressure then falls in the high-pressure 
cylinder and rises in the low-p^ressure cylinder until the two become equal at C. 
h continues to fall in the high-pressure cylinder during the return stroke, 
|2J^ ^^Epandinff in the low-pressure oylinaer until at D, D^ communication 
between the cylinders is closed. Pressure then rises in the high -pressure 
pyhnder to £, by which time the low-pressure piston has reached the end of 
|t« itroke and is ready to make a fresh stroke— communication is again opened 
^^^J^^on the cylinders to effect this. During the next half stroke of the 
||*8a*pre88are piston pressure faUs from £ to F, while in the corresponding 
^ stroke of the low-pressure piston it falls from G to H. At this point the 
'^^-preimre piston has reached the end of its stroke and release on the other 
^, of the high-pressure piston takes place. From this point the cycle is 
^^ i^Bpeated, as already described. 
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TABLE III. — C0MPABI8ON OF Actual and Theobetical 
DiAQ&AJCs FOB Compound £ngine. 



1 

Points of ComparisoD. Theoretical. 

i 


Actual 


Speed in miles per hour, .... 
Cut-off in high-pressure cylinder, . 
Boiler pressure, 

Mean pressure in high-pressure cvlinder. 
Mean pressure in low-pressure cylinder, . 
Mean pressure referred to low-pressure 

cylinder, 

Horse-power developed in high-pressure 

cylinder, 

Horse-power developed in low-pressure 

cylinder, 

Total horse-power, 


 

30 

50 per cent. 

160 

79-5 

40-5 

77-5 

319 

339 

658 


30 
50 per cent. 
160 
42 
20 

40 

169-7 

166-6 
336-3 
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CHAPTER IV. 

PBUIABY GOKBIDBAATIONS IN LOCOMOTIVE DESIGN. 

CoNTEKTB.— The Train Velocity— Train ReBistance— The Tractive Effort-* 
Force of Adhesion — The Effective Steam PreaBure — Calculation of Cylinder 
DuneoBions and Gross Train Loads — The Heating Surface — Limits to the 
Design of Locomotives of Great Power. 

The design of a locomotive engine presents certain primary points 
for consideration that are of the first importance, are mutually 
related and inter-dependent. Upon the correctness of their deter- 
mination depends the efficiency and economical performance of the 
vork for which the engine is intended. They may be enumerated 
thus: — 

1. Thi VdoeUy^ or running speed. 

1 The Train Beaiatance, dependent in part on velocity and due 
in part to gravity. 

3. The TracUve Effort^ or force of traction, which at least must be 
^oal to the train resistance. 

4. The Force of Adhesion, which is dependent upon the adhesive 
weight. 

5. The Wheel-baae, which to a great extent determines the ad- 
hesive weight. 

6. The Effective Steam Prensure in the cylinders. 

7. The Heating Surjace of the boiler. 

If the value of these quantities be not carefully arranged in due 
proportion to each other as the fij»t step in the design of a loco- 
motiTe no amount of subsequent correctness in matters of detail 
▼ill compensate for their inaccuracy. 

The Train Velocity or running speed is determined by the 
character of the traffic the engine is intended to work. It will be 
A maximum for express engines, of an intermediate value for goods 
And local traffic engines, and a minimum for shunting engines. It 
will be higher or lower according to variations in the load. For 
express work the avenue spee i actually attained is about 45 miles 
per hiNir ; for goods and local traffic about 30. But such are the 
exigeneies of modem railway requirements that the demand is 
constantly made for increaaea speed, and these speeds are kept at 
the above limits solely owing to the extreme difficulty of designing 
^nginsB capable of exiceeding them when the loads are at all heavy. 
For shnnting engines the average speed will vary from 5 to 20 
loiies per hour. 
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In fig. 51 the speeds are shown solely as related to the driving- 
wheel diameter. It is based on the author's conclusion, after many 
observations and ex|>eriments on the London and South- Western 
Railway, that well-designed express engines of normal type with 
driving-wheels 7 fb. in diameter can maintain an avemgt speed 
between stations, on the level, of 45 miles per hour when the load is 
heavy and 60 miles per hour when the load is a very light one. 
Through the two points on the diagram, corresponding to a 7 ft. 
driving-wheel and these respective speeds, lines are drawn meeting 
in 0. The upper line then gives the speeds for the minimum load 
with different diameters of driving-wheels while the lower one 
gives the speeds for the maximum load. This involves the assump- 
tion of a constant number of revolutions per second for all classes 
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Fig. 51. — Train Velocities in Relation to Diameter of Driving-wheels. 

of engines. Also, since the diameter of the cylinders in genera) 
decreases as we reduce the wheel diameter, and the stroke is made 
roughly proportional to the cylinder diameter, it also assumes that 
the piston speed decreases as we reduce the driving-wheels. These 
assumptions are to a certain extent erroneous, but the diagram 
nevertheless gives results remarkably close to such as might be 
expected in practice. A line chosen somewhat arbitrarily has been 
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taken to represent the speeds of shunting engines, as various cir- 
camstanoes other than those above mentioned control their speed — 
such, for instance, as unsteadiness of the wheel-base among others. 
Also for shunting engiues it is necessary only to consider the speed 
attainable with maximum load. Upon the whole that part of the 
diagram shown in full lines represents a fair approximation to the 
speeds which may be expected having regard to the diameter of the 
driving-wheels only. 

Train Resistance may be divided into two parts : — (1) Resistance 
dependent on velocity ; (2) resistance due to gravity. It is also 
considerably modified by (3) the effect of wind and curves. 

(1) Jienttanee dependent on Velocity is due to the friction of the 
moving parts of the engine and vehicles and to the displacement of 
air at the given speed — say, Y miles per hour, as determined in rela- 
tion to the driving-wheels from fig. 51. The determination of this 
component of resistance really depends upon experimental enquiry. 
Be Pambour, in 1836, investigated the matter, and Gooch, in 1848, 
oommmiicated to the Institution of Civil Engineers the results of a 
series of experiments on the subject. From these Mr. D. K. Clark 
dednced his well-known formula 

Y2 
I^ = 8 + YjY (^^ 

where R » train resistance in pounds per ton for engine and train 
combined, and involves the assumption that the weather is calm 
and the rolling stock and track in good condition. This formula 
has been modified for oil lubrication into 

R = 6 + 0009 V2 (2) 

Mr. Clark {RaUtoay Aicuihinery, 1854) states that owing to his 
own experiments on the 4 fb. 8^ ins. gauge proving discordant and 
nnreliable he deduced his formula from Mr. Gooch's data. Con- 
sidering this fiact and the length of time since these experiments 
were made, and having regard to the alterations that have taken 
place in rolling stock during the interval, it certainly appears that 
further experiments are here necessary. 

Harding, on the ground that one of the factors producing resistance 
to motion was the work done in moving the air from the front of the 
train, proposed formulse involving the area of train frontage. Since 
this area, however, does not vary greatly in different kinds of 
tolling stock it is doubtful whether this is of any advantage. 

Harding's rule : 

R = Z (6 + -34 V) + 0025 Y^A; or as an alternative 
= Z(6 + -OBTV) + •00002V2B (3) 

▼here I s gross train load ; A area of its frontage in sq. ft. ; B its 
▼olnme in cub. ft 

Fig. 52 shows these rules in graphic form. Each of them assumes 
^t the resistance in part varies as the square of the speed. 
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Owing to vaiiouB reports of remarkable locomotive perfbrmances, 
doubts have been cast on the validity of this assumption. Mr. 
Sinclair of the Engineering News of New York, noticing that the 
straight line representing the rule 

R = i V + 2 (4) 

fell intermediate between the curves shown in fig. 52, aflserted that 
it involves the more correct theory as to train resistance. But this 
is at least doubtful. 
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Speeds Ib milmm per hour. 

Fig. 52. — Train Resistance dependent on Velocity. 

While on the other hand it is held by the author that the main 
component of the resistance varies as the square of the speed, it is 
evident that formula (2) gives much too high resistances at low 
speeds. This formula, for a 19 ins. by 26 ins. engine with 7 ft. wheels 
and mean effective pressure as calculated on p. 83, gives 300 tons as 
the load that could be hauled at 45 miles per hour. This is probably 
•correct. But for a 15 ins. by 20 ins. engine with 4 ft. whe^s it gives 
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690 tons gross train load at 26 miles per hour. This is evidently 
too high; an engine of this kind would have great difficulty in 
starting snch a load. 

Taking these &ct6 into consideration, the author proposes the 
foroiala— 

R = 9 + 007 V2 (5) (see Table V. p. 89). 

This gives loads agreeing fairly with practice, and such as the 
engine for which they are calculated will be able to start. 

(2) Renttanee due to Gravity. — In ascending an incline the train 
is nused vertically a distance depending upon the length and 
inclination of the grade. Thus let A B (fig. 53) represent an 




Fig. 53. — Forces due to Gravity. 

incline, and W the load to be hauled up it. Also let the perpen- 
dicular £ F be made proportional to the load W, and lines E G and 
1^ G be drawn through £ and F respectively at right angles to and 
pttrallel to A B. Then £ G represents the reaction of the plane, and 
F will be the tractive power required to neutralise the force of 
gravity, or, in other words, the resistance due to gravity. Also, since 
the triangles ABO and £ F G are similar, 

T^p=;a. ~-^— r, the rate (or sine of the angle) of inclination, and 
f £ A B 

PG = r X E F. But E F represents W ; therefore the tractive 
power a r W. 



1 X 2240 



= 10 lbs. 



For instance, let r = —77, and W = 1 ton, — then ^ . ^ 
' 224' 224 

^ill be the resistance per ton due to gravity. Results for various 

S^^es are given in fig. 54 and in Table VI. 

From the above we see that the sum of the resistances due to 

velocity and gravity will be, in pounds per ton of gross load, 

R = 2240 r + (9 + 0-007 V*) . . . . (6) 

To find the gross resistance for any train load /• in tons^ the above 
'^■istanoe R must be multiplied by I, When the train is ascending 
^ Qp grade with inclination r at constant speed, it should . be 
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noted that the work done in the cylinders per minute will be equal 
to R 1?, where v is the speed in feet per minute. If the speed is 
increasing, the work done in the cylinders will be greater than R v 
by the amount necessary to produce the acceleration, while for 
diminishing speed R v will be greater than the work done in the 
•cylinders. 
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Fig. 54. — Train Resistance due to Gravity. 

(3) Effect of Wind and Curves. — High winds cause a considerable 
increase of resistance, varying with the force of the wind and the 
angle which the direction of the wind makes with the track. The 
resistance produced by this cause is greatest when the direction is 
at right angles to the track, the wind acting upon the whole length 
of train surface producing excessive flange friction. It is of course 
impossible to estimate accurately the amount of this resistance 
and its varying effect. 

When a series of sharp curves occur in the line, the resistance 
will be also increased considerably. But for reasons of safety it is 
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inadyiisble to ran at great speed over portions of railway abounding 
in carves, and resistance from this cause is therefore of relatively 
len importance. It is, however, always much reduced by the pro- 
vision of a flexible wheel-base ; and this is one of the recommend- 
ations for the use of the bogie or the radial axle. 

The following rule for the resistance of curves is given by 
Morrison : — 

Let R = Radius of curve. 

L = Length of rigid wheel-base. 
W = Weight of vehicle. 

D = Distance of rails apart from tread to tread. 
F = Coefficient of friction of wheels on rail = according 
to the weather from 0*1 to 0*27. 

Tj -. A ^ WF(D + L) 
Resistance due to curve = ^r^ 

The Tractive Effort — (1) Two-cylinder Simple Engines. — Having 

determined the resistance and observed that the tractive effort 

most be equal to this quantity, we have now to determine the 

tractive effort^ not by reference to the resistance, but to the 

dimensions of any particular engine. In fig. 55, A is the piston, 

and fi and the crosshead and connecting-rod. When the wheel 

is revolving in the direction shown, for forward motion, and the 

piston moving in the direction P, owing to the steam pressure acting 

opon it, the crank-pin G is pulled downwards towards the horizontal 

c^tre line. At the same time the weight W, on the axle bearing, 

Mting downwards keeps the wheel tread and rail in contact under 

A pressure equal to W. This pressure causes a frictional force 

/> W) ;t being the coefficient of rolling friction, or, as it is always 

calleid in reference to questions of adhesion, the coefficient of 

lesion. Owing to the force acting on the crank-pin we have, 

^7 the principle of the lever, a force acting at the tread of the 

wheel equal to the crank- pin pressure multiplied by the length of 

^nnk-arm and divided by the semi-diameter of the wheel. This 

^cts in a direction contrary to fL W, and is, as we shall presently 

ahov, the measure of the tractive effort. Now when ^^ W is equsd 

^ or in excess of, the tractive effort, the wheel will act momentarily 

*> if fulcrnmed at £, and the pull on the crank-pin will cause the 

<^tre of the axle to advance towards A; in other words, the engine 

moves forward. The position of the fulcrum with regard to the 

tread of the wheel is continually changing. We, therefore, get a 

combination of two motions ; one, a movement of the wheel centre 

^ a horizontal direction, and the other a circular movement of 

the vheel about its centre. This is, in effect, what takes place 

whether the crank-pin is above moving towards A, or whether it 

^ below moving from A. The engine then moves forward as if 

propelled by a horizontal force equal to the tractive effort. If, 

koweyer, the pull of the train — that is, the resistance— exceeds the 
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tractive effort T, then movement cannot ensae. Also, if the 
tractive effort is greater than fjk W, the point E will no lons^er 
lerve as a fulcram, and the wheel will then simply revolve without 
propelling the engine. In other words, slipping will take place. 
Hence the necessity for the relations — 

Force of adhesion r:=»- Tractive effort » Resistance, or, 
A*W r=:* T = R. 

Now, while the wheel of diameter D is making one complete 
revelation^ the [>iston makes two strokes of length L under the 
mean effective steam pressure P per square inch. Hence the 
work done in one cylinder driving one revolution of the driving- 
wheel = 2 {c?2 ' LP j, where d is the diameter of the cylinder. 

Bat there are two cylinders in the engine ; whence the whole work 
done hy the steam during this period is = c^^ t L P. This work 
mnst he equal to the work done by the tractive force during the 
same time. Now, while the driving-wheel makes one revolution 
the centre of the axle, if there is no slip, moves forward a distance 
tD; and the work done = <r D T. Equating these two values of 
the work done we obtain 



rf2«-LP = «-DT; whenceT = - ?^. . . (7) 

(2) Compound Engines, — To calculate the tractive effort of com- 
pound locomotives, von Berries has given the following rule : — 

If (3^= diameter of low-pressure cylinder. 
T = tractive power. 
D = diameter of driving-wheels. 
p = boiler pressure. 
s •= stroke of piston* 

4T X D 

Then c/* = : whence T, the tractive effort, can be easily 

p X s ^ 

found. If a compound engine of equal power to a given simple 

engine be required, a good approximation can be obtained by 

making the low-pressure cylinder of the compound locomotive equal 

to 1| times the diameter of the cylinder of the simple locomotive, 

and using a steam pressure at least 10 per cent, higher. Whilst 

the simple or single expansion engine has but a very small back 

pressure, the compound engine has a back pressure on the exhaust 

aide of the high-pressure piston nearly equal to one-half the boiler 

pressure. It is therefore necessary to use a larger high-pressure 

cylinder for a compound than for a simple engine. 

The cylinder in the compound engine should be about 10 per 

cent the larger. The following is a method of calculating the size 

of cylinders of a compound engine to possess the same maximum 

power at low speeds as an ordinary engine. 

6 
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Suppose the simple engine to have — 

Boiler pressure =150 lbs. |)er sq. in. 

Two cylinders of 17 ins. diameter and ?4*ins. stroke. 

Diameter of wheels = 6 fb. 

Effective pressure = e x boiler pressure. 

rni. i_ .' .^K X. X X. > 17* X 24 X tf X 150 

Then, by equation (7), the tractive force = ^ 

or T = 14,450 x e. 

Suppose also the compound engine to have — 

Boiler pressure «= 180 lb& per sq. in. 

Intermediate pressure = 70 lbs. per sq. in. 

Stroke = 24 ins. 

Diameter of wheels = 6 ft. 

Let X = diameter of the high-pressure cylinder, and let the cap- 
acity of the low-pressure cylinder be double that of the high. 
Then calculating, as before, the tractive force due to each cylinder 
separately, and adding, we have — 

„ ,iB*x24 ,,^ ,2*2x24 „^ , ,^ 

T = 4— =^ xexllO + i — — — xex70 = a:2 + 42e. 
* 72 * 72 

Thatis, 14460e = a^ x 42<j. * 

x^ = 344. 
re = 18| ins. — the diameter of high-pressure cylinder. 

Also v2 X 18^^ = 26*1 ins. is the diameter of low-pressure cylinder. 

This method of estimating is due to Mr. Worthington. 

Force of Adhesion. — In order to utilise fully the tractive effort, 

sufficient adhesive weight must be provided. It is, therefore, 

necessary to know the Talue of juu the coefficient of adhesion. This 

may vary between ^ and ^ but in general it will be found 

sufficiently accurate to take as an average value /ct=} We now 

cPJjV W 
have — =r— = ^ =R. W, in single driving engines, will be the 
D 4 

weight on the driving-wheels only, but in coupled engines it will be 

the sum of the weights on the coupled wheels. It is evident that 

the greater the adhesive weight the less the chance of slipping ; but 

in single engines we can only utilise for this purpose the weight on 

a single pair of wheels. The limit of this weight is 20 tons, the 

permanent way not being strong enough to stand more. It follows 

from this that the haulage power of single engines cannot exceed 

20 

-p = 5 tons s= 11,200 lbs. ; and this, we must remember, is the aver- 
4 

age, not the minimum, adhesion. Hence we soon reach a limit to 

the weight of trains capable of being hauled by single driving-wheel 

engines. 

If then the weights of trains are such that R exceeds 

11,200 lbs., we must have recourse to the coupled engine. For 
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«xpre88 work it is not advisable to couple more than two pairs 
of wheels, but for goods traffic we can use six coupled engines — as in 
the standard English goods engine — or, where the gradients are 
very severe, eight coupled engines — as in the Consolidation type of 
locomotive in the United States. Hence the amount of resistance 
determines to a great extent the wheel-base. In this country where 
the curves on main lines never fall below a radius of 8 chains, rigid 
wheel bases are often employed ; but where the curves are sharp 
and the load on a single pair of wheels limited to an amount much 
below 20 tons, then a bogie or radial axle must be provided. The 
weight in the coupled wheels may thus be kept within the specified 
limit, while by giving freedom to a part of the wheel-base the 
-engine goes round curves with much less friction and without 
damage to the permanent way. 

The Effective Steam Pressure. — If we take an indicator diagram 
^fig. 56) we find that steam is admitted while the piston is moving 
from A to B, at B the valve closes and expansion begins, expansion 
•continues until the piston reaches F, here exhaust be^i^ins and the 
pressure falls rapidly to G at the end of the stroke. The point of 
<atoff varies in locomotives from 75 per cent, of the stroke down to 
30 per cent. If the engine is designed for length of run, or for 
other iMirpoaes than those of shunting, the tractive effort should be 
arranged for that due to a cut-off of 20 per cent, if economy is to be 
attained. Knowing the boiler pressure and point of cut-off, and 
sssaming isothermal expansion, we can calculate the mean effective 
steam pressure P as follows : — 

P=Pi^^-P2 (8) 

where P, = the boiler pressure plus the pressure of the atmosphere, 

say, 15 lbs. 
R=the ratio of expansion, or 1*33 and 5 respectively for 

cut-offs of 75 per cent, and 20 per cent. 
H = hyperbolic logarithm of R, or *285 and 1*609 for R 

s 1 '33 and 5 respectively. 
Pjsithe atmospheric pressure plus the back pressure, say, 

19 lbs. 

In locomotive boilers the working steam pressure varies between 
150 and 175 lbs. Calculating for 175 lbs. we have — 

1 + "285 
P= 190 -y:^ 19 = 164*5 lbs. for 75 per cent, cut-off. 

I -I- 1*609 

P« 190 -^^^ 19 = 801 lbs. for 20 per cent. cnt-ofL 

5 

Hence, from equation (7), =r =the mean tractive effort with 

omzimum cut-off: and — =r — =the mean tractive effort with mini- 
>&am entoC 
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'V 9Jn»*B^ ''^^^ •/'vor^r 



Galcnlatioii of Cylinder DimensionB and Gross Train Loads.— In 
starting, one crank may happen to be at right angles to, and the 
other on, the dead-centre. In this case the greatest tractive effort 
available with maximum cut-off, after allowing for one of the cranks 
for the moment being ineffective, will probably not exceed 



100 (^L 
D 



= T. 



Denoting the gross train load by /, and remembering that T = B, we 
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<aii snbstitate this value in equation (6) to determine the greatest 
tnin loid tbat can be started, thus :— 

In order to determine the load that can be economically hauled — 
that is, with a 20 per cent cut-off — at high speeds, we have in like 
manner — 

^^ D~ " ^^^^^ r + (9 + -007 Y^)}1. 

Bat in every case each side of these equations must be less than 

W. 
- if slipping is to be avoided. 

These estimates are based on a theoretical calculation of the mean 
steam pressure during expansion. Actual indicator diagrams do 
not conform to the theoretical diagram as shown on fig. 56 by 
in amount which will be on the average 20 per cent, less, due to 
▼ire-drawing, cylinder condensation, shortening of cut-off at high 
speeds, compression, and other causes. Hence, making a further 
allowance for this, we have 

•8 X 80 X rf2 X L 

= ^ (^) 



D{2240r + 9 + -007V2} 

the gross train load for economical running. This is much less 
than according to the above estimates could be started ; but since at 
starting we have to overcome the inertia of the train, in addition 
to the frictional resistance, it will be found that this formula will 
give not only the load which it is estimated the engine will haul at 
the average speed Y, but also the maximum load which it may be 
expected to start under all conditions of wind and weather. 

Now, if we wish to know the load that can be hauled at a speed 
of 45 miles per hour by an engine having 19 ins. by 26 ins. cylinders, 
7fth wheels, and a boiler pressure of 175 lbs. per sq. in., we have— 

•8x80xl9*x26 .^.^ 
84(9 4- -007 X m = ^^^ *^^*- 

"K tune engine would at 60 miles per hour haul 

•8 X 80 X 19« X 26 ,-- ^ 
84( 9 -H •007x60 ^ = ^"^*°'^ 

At 45 miles per hour up a gradient of y^ it would haul 

•8 X 80 X 19« X 26 



"2240 



(ZZ40 \ 

:^ + 9 + -007x458j 



s 157 tons. 



At 60 miles per hour and a gradient of ^hf ^^ ^^^ would be 126 

tOBI. 
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For an engine with cylinders 15 ins. by 20 ins. and 4 ft, 
▼heels, boiler pressure 175 lbs. per sq. in., and speed of 26 miles 
per hour 

•8x80x152x20 ,^^, 

48(9+007x26^) = ^^^*^^'' 
and for a gradient of j^ =' 160 tons. 

By this method of calculation the curves in fig. 57 have been ob- 
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Fig. 57. — Gross Train Loads. 

tained. They show the effect of gradients, and also the effect of 
altering the diameter of the cylinders. 

For boiler pressures different from 175 lbs. we may without 
serious error assume P = ^ p, where p is the effective initial pressure 
after allowance has been made for cylinder and other losses. 

In calculating the haulage power of locomotive engines, it should 
be noticed that the loads in general ought to be such as the engine 
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would be able to haul with the maximum of economy — %.€., with the 
•holiest possible cat-o£^ viz., ^ Bat if the gradients be short, so 
that they can be rushed, or if slower speed is allowable on the 
gradients ; or, again, if a longer cut-off may be used and economy 
sacrifioed, then the engines will haul greater loads than those given 
by the above rules. Care must, however, be taken that if the 
engine is stopped, by signal or otherwise, on a gradient, it shall be 
able to start its load easily. Consequently, it does not appear 
desiimble to allow greater loads than would be obtained by calcul- 
ating according to these rules, and on the assumption of a mean 
effective pressure of 100 lbs. per square inch. 

The Heating Snrfoce. — Having determined the size of the 
cylinders necessary to develop the required power, we musfc next 
provide sufficient boiler power. Since the rate at which water can 
be evaporated will depend on the amount of heating surface in tlie 
boiler, we must, in other words, provide sufficient heating surface. 
Knowing the speed, cut-off, and cylinder dimensions, we may pro- 
ceed to estimate the amount of steam required in a given time, and, 
asmiming an evaporative value for each square foot of heating 
iur&oe, we might determine our boiler dimensions by this method. 
Bat this is open to the objections that the amount of steam used 
per stroke cannot be ascertained with any exactitude, and also, 
thongh in a less degree, the evaporative efficiency of the boiler is a 
doubtful quantity. That being so, it seems best to determine the 
beating surface by reference to cylinder diameter only. If U be 
the heating surface in square feet, and d the cylinder diameter in 
inches, we may make 

l3-3d^ for express engines. 
Hb } 3*15 d^ for goods and local traffic engines. 
( 3 d^ for shunting engines. 

These, however, are minimum values. For express engines it is 
necessary to get as much heating surface as the conditions of the 
design will allow. In certain experiments in France with two 
engines differing only in respect to their boilers, the heating 
sarfiMXB being arranged as 1 to 1^, it was ibund that the haulage 
capacity was very much the greater in the latter case. In America 
the practice generally is to give 50 per cent, more heating surface 
than the above rules allow, but it should be noted that this entails 
a very long firebox. Fireboxes in the States are very commonly 
9 ftb in length. Shorter grates could, perhaps, be worked with 
more economy and advantage. 

The substantial agreement with British practice of the rules 
given above or the proportion of heating surface to cylinder 
diameter is exhibited by the subjoined table. 
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TABLE IV.— Heating Sukfack. 



1 

) 




Heating Surface in Practice. 


1 
1 


d = Diameter 

uf Cylinder in 

Inches. 


Scfi 




s-s^ 


















768 


Minimum. 


Maximum. 


1 


16 


823 


1068 


ilvo 


17 


867 


888 


1146 


1127 


18 


972 


922 


1242 


1263 


19 


1083 


984 


1320 


1407 ' 


20 


1200 


   


1672 


16^ 

i 



Limits to the Design of Locomotives of Great Power. — It wHl 
be interesting to note a few difficulties in the way of producing an 
exceptionally powerful locomotive. 

In order to reduce the number of trains and to avoid duplicating 
express services, traffic managers — who are always on the look-out 
for mecuis to minimise the expenses of their departments — are 
continually demanding from locomotive superintendents a loco- 
motive having a power 50 per cent, in excess of that developed by 
existing locomotives. 

It may be taken for granted that the most powerful locomotive 
of normal type has cylinders of 19 ins. diameter and 26-ins. stroke. 
Since, if all other essentials are equal, the power developed by 
different en^nes will vary as the square of the cylinder diameter, 

we have Jld^ x 1-5 = 23-27 ins. 

as the cylinder diameter for a locomotive capable of developing 

50 per cent, more power than those of the most powerful class 

of existing locomotives. This is almost the largest permissible 

diameter of cylinders that can be accommodated between the 

engine frames, owing to the limitation imposed on the width 

of the frames by the 4 ft 8^ ins. gauge. Even with cylinders 

of this diameter the valves would have to be arranged either 

at the top or bottom of the cylinders. If we further assume 

that a grate area of 20 sq. ft. is sufficient for an engine with 

cylinders of 19 ins. diameter and 26-ins. stroke, then for an engine 

with cylinders of 23^ ins. diameter we should require 30 sq. it. of 

grate area. For the same reason, however, that the diameter of 

the cylinder cannot exceed a certain limit, the width of the grate 

cannot exceed 3 ft. 6 ins. 

30 
Since ^7^ = 8*5, we find, therefore, that 8 ft. 6 ins. would be the 

length of grate required to give the proper grate area. It is very 
doubtful whether a grate of this length could be worked economi- 
cally. Under any circumstances it would entail at least a distance of 
1 1 ft. 8 ins. between the centres of the coupled wheels in order to get 
a firebox with a grate of this length between the axles. A coupled 
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engine, of courae, is assumed, for 'with a single engine sufficient 
adhesion could not be secured for cylinders of 23^ ins. diameter. 

Conpling-rods of a length of 11 ft. between centres seem to be 
out of all question. Hence resort must be made to abnormal types, 
such as Mr. Winby's locomotive, having four cylinders of moderate 
diameter ; two inside working on to the front driving-wheels and 
two outside working on to the rear driving-wheels. With com- 
pound locomotives a much greater cylinder diameter than 23^ ins. 
would have to be adopted, owing to the fact that the mean effective 
pressure in the cylinders is less than in the case of the non- 
compound engine. 

It has been remarked above that 11 ft. coupling-]^8 seem out of 
the question ; but it should be remembered that when compound 
engines were first introduced in England, the extreme length of 
coupling-rods was 9 ft. Engines are now running in this country 
with coupling-rods 9 ft. 6 ins. in length between centres, and in 
France with 3 metres (9 ft. 10|^ ins.) between centres. 

TABLE V. — Rbsistance due to Vbix)city. 



Velocity in Mflw 


Besistanee in Lbs. 


Velocity in Miles 
per Hour. 


1 

BeslBtance in Lbs. 


per Hour. 


per Ton. 

i 


per Ton. 


10 


1 
9-70 


60 


26-60 


15 


10-67 


66 


3017 


20 


11-80 


00 


34-20 


25 


13-37 


65 


38-67 


30 


16-30 


70 


4:)-3 


35 


. 17-57 


76 


48-37 


40 


20-20 


80 


63-80 


45 


2317 







TABLE VL — Kesistance ©ue to Gravity. 



Gradient. 


Resistance due to 
Gravity. 


Gradient 


Rtisistaace due to 
Gravity. 




Lbs. per ton. 




Lbs. per ton. 


Level 


0-00 


lin 66 


34-46 


1 in 1000 


2-24 


lin 60 


37-33 


lin 500 


4-48 


lin 66 


40-72 


lin 400 


6-60 


lin 60 


44-80 


lin 300 


7-46 


1 in 48 


46-66 


lin 20O 


11-20 


1 in 46 


48-70 


lin 180 


12-43 


1 in 44 


50-90 


I ill IGO 


14-00 


1 in 42 


53-33 


lin 140 


16-00 


1 in 40 


66-00 


lin 120 


18-66 


1 in 38 


68-04 


lin 100 


22-40 


1 in 36 


62-22 


lin 00 


24-88 


lin 34 


66-88 


lin 80 


28-00 


lin 32 


70-00 


lin 75 


20-86 


lin 30 


74*66 


lin 70 


32-00 

1 


I 
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TABLE YIL — Mean Effective Steam Pbsssubb* at Diffkbeft 

Ratios of Expansion. 







Batio of EziMUiaion. 


• 


Initial Prauurd. 




Lbs. per sq. In. 




Lbs. Iter sq. In. 








75 per cent. 


50 per cent. 


25 per cent. 


90 per cent. 


100 


92-0 


78-2 


49 6 


41-0 


120 


111-4 


95-2 


61-4 


61-4 


140 


130 7 


1081 


73-3 


61-9 


150 


. 140-3 


120-6 


79-3 


66-0 


160 


160-0 


129-0 


83-3 


72-3 


175 


164-5 


141-7 


94-2 


80-1 


. 180 


167-3 


146-8 1 


97-2 


82-7 


aoo 


188-6 


162-8 


1091 


93^ 



* A deduction of 20 per cent, should be made from these values for loss due 
to wire drawing, cylinder condensation, shortening of cut-o£f at high speeds, 
oompreaaion, am other causes. 
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CHAPTER V. 

CYLINDERS, STEAM-CHESTS, AND STUFFING-BOXES. 

ComNTS.— Inside-Cylinders — ^Outside-Cylinders — Cylinders for Compound 
Locomotives — Thickness of Metal—Steam Passages, Port Faces, and 
Clearance — Jacketing Locomotive Cylinders — Cylinder and Steam-Chest 
Cover»— Bolts, Stads, and Nuts— Stuffing-Boxes — Drain-Cocks. 

QjUnden. — It is generally specified that cylinders are to be of the 
best, close-grained, hard, strong cast iron ; they must be as hard as 
they can be made, subject to the condition that the material must 
be workable so as to permit of their being properly fitted and 
finished. When the cylinders are correctly set to their places they 
ve to be firmly secured to the frames by tightly-fitting turned 
bolu driven home. The valve faces should be easy of access for 
inspection and repair, and the steam passages should be made wide 
^d as direct as possible. The exhaust passage should also be as 
direct and ample as the conditions permit. The steam-chest is 
lUosUy cast in one piece with the cylinder. The cylinders have 
fi&Qges above and below cast upon them, and are preferably made 
open at the ends, having large cast-iron front covers and smaller 
coven at the back ends. At the back ends are generally cast the 
brtckets for attaching the slide bars. Sometimes at this end the 
itaffing-box is cast in one piece with the cylinder, thus saving a 
joint : but this makes the casting of the cylinders more difficult 
£^ end is bell-mouthed so as to provide space for the reception of 
debris and to prevent the formation of a ridge, owing to the wearing 
sway of the central portion of the bore. 

Inaide-Cyliliders. — Inside-cylinders were at one time always cast 
in two halves, the division traversing the middle of the steam-chest. 
Bnt the joint at this point has always been a source of trouble, 
psrticnlarly at the bottom ; the steam, and oil or grease causing the 
csBtiron to corrode very badly, and the joint especially to be eaten 
into. Tlie most modern practice is to have the two cylinders in one 
casting, as shown in fig. 58. This can easily be done with proper 
Are in the foundry. When cylinders are cast in this manner a 
ipecial machine is required for machining the valve faces and 
traeing up the steam ports and finishing them to the correct 
dimensions by milling. 

The designing of inside-cylinders is rendered difficult owing to 
the limited distance between the frames. A great deal of scheming 
sad careful study is required to design such cylinders of any size 
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over 18 ina. witfa sufficiently large ste&m passages uid ample thick- 
oess of metal. More especially is this the case when the valves 
are pliu^ between the cylinders. Notwithstanding this, inside- 
cylinders are usually made with the valves disposed between them. 
As before remarked, great difficulty is found in designing cylinders 



Fig, 58. — IiiHide-Cylinders with Va1v«8 between. 

of this type of more than 18 ins. diameter; although Mr. James 
Stirling, of the South-Eastem Railway, has very ingeniously suc- 
ceeded in devising such cylinders for his express engine (fig. 4i) of 
as much as 19 ins. diameter. Mr. M'Intosb's new engines also 
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have inside-cylinders of 19 ins. diameter. Inside-cylinders of this 
kind are still adhered to as they have many advantages, being 
lighter than cylinders with steam-chests above or below, less costly, 
very compact and neat. The steam-chest covers also are more 
•easily kept tight, and there is less exposed surface to cause loss of 
heat. 

In some cases cylinders are made with the valves on the top — as 
on the North-fjastem Railway, the Lancashire and Yorkshire 
Railway, and formerly, in some cases, on the Great Bastem Rail- 
way. Cylinders with valves underneath (see fig. 59) are used on 
the London, Brighton, and South Coast Railway, the Great Eastern 
Railway, and the London and South-Western Railway. The ad- 
vantages claimed for cylinders of this type are that, as the cylinders 
•can be placed closer together — namely, 24 ins. from centre to centre — 
.as on the Great Eastern Railway, the crank-webs and axle-bearings 
can be made much larger ; also that there is a better drainage of 
the cylinders, and the slide valves are kept well lubricated. On 
the other hand, as in the case of cylinders with the valves above, 
the cylinders are heavier and more costly to manufacture, and there 
.are more covers and joints to keep tight. The steam-chests also are 
very liable to crack owing, perhaps, to their exposed position, or, 
perhaps, to the greater difficulty in casting. 

Outside -Cylinders. — The London and South-Western express 
•engine outside-cylinders (iig. 60) are of 19 ins. diameter and 26-ins. 
stroke. Great care has been taken in designing tliem with a view 
to the avoidance of loss of heat ; the exhaust cavity being clear of 
the cylinder walls and kept well enclosed. The ports are If ins. by 
16 ins., and their area 21*6 sq. ins. after allowing for the round- 
ing of the comers. This gives 1 sq. in. to every 341 cub. ins. of 
cylinder capacity. The clearance is about 7 per cent. 

Outside-cylinders as shown in fig. 61 generally have two steam- 
chest covers ; the large one B towards the inside to enable the 
port -face or valve-seat of the cylinder to be faced up and the steam- 
ports to be trimmed and finished, and the front cover A, which is 
the one taken off most frequently, for inserting or withdrawing the 
slide valve. But by the aid of the machine above mentioned access 
to the cylinder port-face for finishing can be obtained from the front 
end and the large inside cover can be dispensed with. The cylin- 
ders for the London and South-Western Railway express bogie 
- engines are made in this way as shown in fig. 60. This arrange- 
ment effects a saving in maintenance. 

The question as between inside- and outside-cylinders does not 
concern the cylinders alone. It is one that affects the whole design 
of the engine. Some remarks have been made on this subject in 
Chapter iL, but it may be well to mention again the points which 
are relative solely to the cylinders. There is first the cooling 
effect due to the exposed position of outside-cylinders, which, as 
before stated, may amount to an excess of 16 per cent, in the 
condensation that takes place to the disadvantage of outside- 
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cvlinders na compared with the uiBide. But, on tb« other hand, 
there is also the difficulty of designing inside cylinders of itdequate' 
size in all respects ; songht to be overcome to some extent by 
placing the ralves above or below. As against this, ontside- 
cylinders may be made of larger dimensions without great difficulty. 
Cylinders for Componnd LocomotiTes. — The cylinders of compound 
locomotives differ but little, except in respect of the larger site of 
the low-pressure cylinder and the largely increased size of the 



Fig. 63. — Cylinders for Worsdelt'a Compound Engines. 

ports and passt^es in the latter from those of simple locomotives. 
Fig. 62 iihowa a set of cylinders for a two-cylinder compound engine 
on the Worsdell or von Borries system. 

The cylinder ratios — that is, the ratio of the capacity of the low- 
to the high-preEBUre cylinders — which have been used for two- 
cylinder compound* nwge from 2'75 for small engines to 1'7S for 
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Ufge engines. M. Mallet, who has had great experience, has said 
that the ratio for two-cylinder engines should not be less than 2. 
Herr von Berries used ratios of 2 for goods and 2*25 for passenger 
engines. Most designers have adopted ratios of from 2 to 2*25, 
baaing their practice upon experiment. 

Four-cylinder engines generally have a ratio of about 3. There 
is not much difference as regards the high-pressure cylinders in the 
dimensions of the steam-ports and in the travel and lap of the 
yalves for compound locomotives from those of simple locomotives. 
The valves of the low-pressnre cylinders have necessarily very large 
dimensions; the ports of some being 24 ins. long. The use of 
Isquer valves and longer ports has led to several designs of piston 
valves being proposed. These, from the nature of their con- 
stniction, have the advantage of being balanced. There is no 
reason why they should not be as applicable to locomotives as 
to marine engines, where they have been commonly used, provided 
that proper precautions be taken to prevent the formation of a 
vacQum in the steam-chest. This should be accomplished by 
means of clack or other valves opening into the steam-chest when 
steam is shut off. The down rush of smokebox gases into the 
steam-chest is thus prevented ; otherwise the piston valves and 
&oe8 would become badly grooved. 

Thickness of MetaL — The determination of the diameter and 
stroke of the cylinders is one of the primary considerations in the 
<ieiign of a locomotive, which have been sufficiently discussed in the 
pnoeding chapter. The thickness of the cylinder-barrel has been 
arrived at through practice rather than determined by calculation. 
The ordinary rule for the thickness of metal in cylindrical vessels 

mbject to an internal bursting pressure is t^^^r^y "^bere 

t = thickness of cylinder wall in inches. 
D = diameter of cylinder in inches. 
p == pressure in lbs. per square inch. 
y= safe limit of stress in lbs. per square inch. 

This 18 modified for locomotive cylinder-barrels thus : — 

Thickness in inches = ^^^^ + 0*6. 

oOOO 

which includes an allowance for re- boring. 

The thickness of engine cylinders is generally excessive as 
regaids strength ; the attainment of uniformity of metal and facility 
in casting being the aim. 

Steam Passages, Port-Faces, and Clearance. — The steam passages 
leading from the steam-chest to the cylinder should have most 
careful consideration. The ports, or openings of the passages, are 
sometimes short and wide, sometimes long and nairow ; but in 
every case it is important that the sectional area should be suffi- 
cient. The area of each steam port is frequently made equal to the 

7 
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puton-«rea x -07, a convenient length being from 0*5 to 0*8 of the 
cylinder diameter. 

The following table shows the dimensions of the steam ports 
adopted in certain of the various classes of modem engines enume- 
rated in Chapter iL 

TABLE YIII. — Relation of Steam Forts to Sizes of Cylindebs. 



a Outside-cylinder. 
b Inside-cylinder. 
e Valves inside. 



d Valves on top. 
e ,y at bottom. 
J „ outside. 



Railway. 


Class of Engine. 


Diameter 

of 
Cylinder. 


stroke. 


Lenffth 

Steam 
Port. 

Ina. 
16 

14 


Width 

of 
Steun 
Vott. 


Width 

of 

Bar. 

Ini. 

1» 
1 1 

1* 


London and South- 
western, 


a Express 

he Mixed Traffic 

be Small Tank 


Ini. 
19 
18 
17i 


Ini. 
26 
26 
24 


Int. 
U 

H 
l| 


Great Eastern, 


be Express 
be Mixed Traffic 


18 

m 


24 
24 


15 
15 




• • • 


North-Eastem, 


/Express 
d Express com- 
pound 
d Goods com- 
pound H.P. 
d Tank com- 
pound H.P. 


19 
20 

18 

18 


26 
24 

24 

24 


14 
17 

11* 
llj 


li 
i| 


• • • 

n 


Lancashire and 
Yorkshire, 


bd Express 


18 


26 


131 


1* 


1 


South-Eastem, 


be Express 


19 


26 

1 


16 


H 


H 


London, Chatham, 
and Dover, 


be Express 
be Goods 
be Tank 


18 
18 
17 


26 
26 
24 


15 
15 
14 


H 
1* 
i| 


1 
1 
I 


District, 


a Tank 


17 


24 


13i 


If 


U 


Highland, 


a Express 
a Goods 


18 
20 


24 
26 


15 
16 


n 


li 


• 
Great Northern, . 


be Express 
a Express 


m 

18 


26 
28 


16 
14 




 • • 

  • 


London, Brighton, 
and South Coast, 


be Express 

1 


m 


26 


16 


l{ 

1 


• •  



The valve-face should project from ^ inch to | inch above the 
casting to allow for wear and re-facing, and the steam-chest should 
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be large enough to allow tbe steam to circulate freely and to pass 
from front to back easily and without impediment. 

The clear inside length of the cylinder is necessarily equal to the 
stroke, added to the clearance at each end and the thickness of the 
piston. The clearance is from ^ inch to ^ inch, generally f inch. 
This is necessary to allow for variation in the length of the 
4xmnecting-rod and other causes affecting the position of the piston 
in the cylinder ; it is also useful should water accumulate in the 
cylinder either by priming or through condensation. 

Jacketing Locomotive Q^linders. — Locomotive cylinders are not 
steam jacketed. There would be great difficulty within the confined 
space to find room for the jacket. It has even been held that 
a moderate amount of liquefiiction of the steam in the cylinders is 
rather an advantage than otherwise, as it helps to lubricate the 
piston and rod. This, it is said, does away with some of the need 
for oil, which is not effective at very high temperatures. In trials 
that have been made with locomotives fitted with steam jackets, 
the results have not shown much, if any, advantage over cylinders 
not steam jacketed but properly lagged. 

In the tests, for instance, made on the Lancashire and Yorkshire 
Railway, when four trials were made from Manchester to York and 
back— two each way, — the two runs from Manchester to York 
showed a saving due to jacketing of 8*3 per cent in steam, and 
a redaction in coal consumption of 0*14 lb. per horse-power per 
hovr, or practically 5 per cent. The runs from York to Manchester 
ahowed a saving by jacketing of 1*5 per cent, in steam. But the 
use of jacketed cylinders was found in these runs to be distinctly 
less eoonomical, the coal consumption being 0'28 lb. greater per 
horse-power per hour with jacketed than with non-jacketed cylinders, 
or 10 per cent. more. The consumption was also greater per train 
mile. 

Cylinder and Steam-Chest Covers. — All cover and other joints of 
•cylinders should be well made, the metal surfaces being brought 
into actual contact with each other. This is quite easily accom- 
plished by the improved machinery of the present day, the work 
done by the milling machine being most accurate and excellent. 
This machine obviates all necessity for filing and scraping. 

Cylinder covers should be strong enough to resist the full steam 
pressure, but at the same time should not be so strong as to jeopar- 
dise the cylinder casting if the piston-rod or connecting-rod should 
break. If the piston strikes against the cover, the latter should 
readily give way. Too great strength in the cover might result 
in the breaking away of a large piece of the cylinder and might 
perhaps necessitate new cylinders. The flange of the cylinder is 
from 1 in. to I ^ in. thick, or thickness of cylinder plus ^ in. for small 
to I in. for large cylinders. This allows for re-facing. The width 
of the flanges should be three times the stud diameter. The centre 
part of the cover is* made by many engineers not more than ^ in. to 
I in. thick. This portion must follow the contour of and be parallel 
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to the piston and nut on the piston-rod, allowing the necesauy J in. 
or I in. clearance. The cover should enter the ojlinder about 
J in. The centre of the cover will accordingly assume a corru- 
gated form, but the front is made to 
^ appear level eztemallj bj means of a 

piece of | in. plate fitted in as seen in 
fig. 60. Another tvpe of cover is cast 
hollow with two uiickneues of metal, 
fig. 63. This does away with the plate, 
but involves the production of a more 
expensive and difficult casting. 

The steam-cheat cover sbonld be of suffi- 
cient thicknese— from 1 in. to IJ in. — 
and well ribbed to lake the fall steam 
pressure. Especial care must be taken if 
the covers are large that thej are suffici- 
ently rigid, as should the oovera spring at 
the joints the oil at the high temperature 
will soon eat its way into the joints and 
corrode both the face and cover. Very 
frequently steam^chest covers have dummy 
glands cast on them, which are bored and 
fitted with a brass bush as a guide for the 
front end of the valve spindle. This keeps 
the slide valve from rubbing on the bottom 
Fig. 63.— Cylinder Coven, of the ateam-ohest, and gives a longer lifv 
to the valve spindle. 
BoltB, Stnds, and Hnte. — Studs are almost entirely used for 
securing the cylinder and steam-chest covers. Both studs and 
nuts should be made of the best Yorkshire iron, and must be 
strong enough to allow them to be so tightened np that the joint 
does not leak. The strain put upon them in thus tightening them 
op is greater than that due to the steam pressure in the cylinder, 
ior locomotive cylinders the studs are usually 2 in. in diameter. 
If (/ be the diameter of the studs at the bottom of the thread — i.e., 
the efiective section — and 
D = diameter of cylinder, 

p = pressure in the cylinder in lbs. per sq. in., 
n = number of bolts or studs, 
/= safe limitofstress in the iron employed — 2400 lbs. per sq.in-r 



then d = 



'V^- 



The pitch of stnds in cylinders or steam-chest covers in inche» 
should not be more than 



when p » pressure per sq. in. lbs. 

t = thicknessofflangeofcoverinsixteenthsofaDinch- 
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TABLE IX. — Strbnoth of Bolts. 



Diameter 


Number of 


Diameter 


Section 


Strength when there 


of 


ThreadB 


at Bottom of 


at Bottom of 


isnoStreudaeto 


Bolte. 


per aq. inch. 


Thread. 


Thread. 


screwing up. 


1 

1 iDdL 






Sq. inch. 


Lbt. 


i 


12 


•394 


•112 


1,008 


t 


11 


•509 


•203 


1,836 


1 


10 


•822 


•304 


2,736 


9 


•733 


•423 


3,798 


1 1 


8 


•840 


•554 


4,986 


U 


7 


•942 


•697 


6,273 


1 11 


7 


1^067 


•893 


8,046 


6 


M92 


M16 


10,044 


H 


6 


1-286 


130 


11,700 



AU the nats on studs of steam-chest covers, steam-pipe, and 
exhaust- or blast-pipe flanges in the smokebox should be brass 
<»pped. They can then be more easily taken off, and the studs are 
▼eU preserved. 

Stnffing-boxes. — The stuffiug-boxes, as before remarked, are cast 
in one piece with the back cylinder cover and steam-chest respec- 
tively, and the back cover also has the brackets cast on it for 
carrying the slide bars. Both for piston-rods and valve spindles 
metallic packing is generally used in modem locomotive engines, 
thas doing away with the ordinary gland and bush or seating. 
There are several kinds of patent metallic packings on the market, 
but many engineers prefer to design their own. Fig. 64 shows 
sach a design by way of example. 




Fig. 64.— Stuffing-box with Metallic Packing. A, B, Conical Metallic 

Packing-rings. 
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Fig. es. — Displacement Lubricator. 

, Oil reservoir ; B, Cover, grooved at i i' bo tbat oil c&n be poured iir 
without entirely removing it ; E, Perforated gpindle, glightly smaller 
than hole in hollow Btem d ; C, Cock, with passage j for steam and 
oil, and passage i for dnuning off water of coudensation which collects 




Fig. 66. —Application of Lubricator to Stuffing-box. 
II, Oil ducts ; U, *, Plugs filling holes drilled in forming ducts- 
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Rolea for proportioning stnffing-bozes are not so neoesa&ry with 
metallic packing &a when the old gland and aeatings were used. 

LocomotiTes are able to run from one rep&ir in the shop until the 
next without fresb packing for the piston-rods ; but there is more 
tomibla with the metallic packing for the valve spindles. This is 
owing to the valve so frequently — when the gear is " notched up " — 
working with a short stroke, and the spindle consequently not 
getting proper lubrication. A small displacement or condeneation 
labricator, such as that shown in fig. 65, may be employed when 



OK) 



Fig. 67.— StnfBng-box and Olsnd. 

there is no trouble. The mode of applying this is illustrated in 
Gg. 66. 

A stuffing-box and gland for soft packing are shown in fig. 67. 
This has a seating, which is not needed with some kinds of 
metallic packing. Long studs are required so that the gland 
may be entered truly and kept perfectly parallel. It is advisable, 
to prevent corrosion, to bush the stuffing-box with a brass bush, 
which can easily be taken out and replaced. The following are 
dimenrions of a form of ordinary stuffing-box, seating, and gland 
Died in general practice : — 
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TABLE X. — Stuffino-Boxes and Glands. 



a 


h 


c 




d 


e 


y 


9 


h 


• 

t 


k 


Ina. 


Ins. 


Ins. 


Ins. 


Ins. 


Ini. 


Ini. 


Iiu. 


In*. 


H 


2i 


3| 


c + » + l 


H 


2i 


IH 


A 


i 


2i 


1* 


2f-3 


61 


• • • 


• « • 


• • • 


34 


1 


i 


•  • 


1| 


2| 


4 






IJ-U 


2l-»f 


lH-3 


A 




34 


2 


3-3i 


4J^ 






iMt 


3f4 


24-3» 


4-1 


f-f 


34 


2} 


H'H 


5-6i 






H-lf 


H-H 


2J-34 


4-1 


H 


3J 


2k 


3i-4 


6J 






2A 


31 


2f 




1 


44 


2} 


3f-4J 


6i-7i 






2A-2J 


34-41 


2i-4J 


Mi 


M 


44 


3 


4J-4i 


61 






2A 


34 


2i 


{ 


i 


s 


3J 


4i-5 


6-8 






2A-2i 


32-5 


2i"H 


i-U 


H 


61 


3* 


5 


«i 






24 


4 


3 


I 


1 


6 


3| 


61 


n 


• • • 


24 


4J 


34 


1 


1 


64 



a, Diameter of rod or spindle; 6, internal diameter of stuffing-box; 
c, external diameter of stumng-box; d, distance between stud centres; 
e, length of bush or seating ; /, length of packing space ; a, length of gland ; 
A, thickness of flange ; t, diameter of studs ; k^ breaath of flange. 

Drain-cocks are furnished at each end of all cylinders, and some- 
times of the steam-chests as well, if exposed. The bore should be 
about ^ in., and provision should be made for working them by 
proper cylinder cock gear from the foot-plate. 
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CHAPTER VI. 

PISTONS, PISTON-RODS, CB0SSHBAD8, AND SLIDE-BAB8. 

ComsTB. — ^Forces on Piston-rod and Slide-bars — Piston-heads — Piston-rods 

— Grofisheads and Slide-bars. 

We have now to examine the best forms for the parts constituting 
the driving mechanism of the locomotive, and to consider the 
proportions of these parts so that as far as possible the disposition 
of the material shall be proportionate to the loads falling upon 
them. We must also ensure that the weights of these parts shall 
be kept aa small as possible consistently with safety. Otherwise we 
shall find their inertia at high speeds extremely detrimental. It 
must be remembered that the resistances due to inertia vary 
<lirectly as the square of the velocity and the weight of the moving 
parts. 

Forces on Piston-Rod and Slide Bars. — ^We will first determine 
some of the stresses on the various parts. 

If D is the cylinder diameter, and p the steam pressure, which 
for the present we suppose constant, then the greatest efifective 
load on the piston and piston-rod is 

P = 0-785 D2 p. 

N^lecting also for the present transverse strains due to inertia, 
which are dealt with in the succeeding chapter, we find that the 
crosshead is acted upon by three forces, as shown in fig. 68. These 
comprise the load P on the i>iston and rod, the re-action K of the 
connecting-rod, and the vertical thrust S on the crosshead and 
slide-bar. 

From the triangle of forces-— denoting by c the throw of the 
crank — 

S = ^ nearly. 

R has in extreme cases a value 8 per cent, greater than P, but for 
practical puiposes it will be sufficient to suppose that K == P, since, 
as will be shown hereafter, the estimation of all the straining forces 
acting on the connecting-rod can be only roughly approximate. 

PuSon-Heads. — Figs. 69 to 72 show four forms of piston-heads 
now in general use for locomotives. 

The conical form (fig. 69) g^ives the maximum of strength for a 
given thickness of piston -head. It is used on some railways 
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Fig. 69.— Conical Piston 




Fig. 70. —Block Piston. 
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because of its lightness and also because the leading axle can be 
placed a little nearer the centre of the cylinders. Fig. 70 shows 
a block piston, cored out, the core being extracted by means of 
holes, afterwards closed by screwed plugs, in each side of the 
piston. 

Figs. 71 and 72 show the forms most commonly adopted. The 



least thickness, a, of the piston-head may be 



J D 



in the types of 



pistons shown in figs. 71 and 72; 0*8 of this value for that in 
fig. 69 ; and 0*5 for that shown in fig. 70, where D = diameter of 
the cylinder. 

Piston-heads of steel have been tried, but were abandoned owing 
to the grooving which resulted from the hard steel coming into 
contact with the cylinder barrel when the packing had worn. The 
method of packing by two rings of cast iron turned and sprung into 
the cylinders is now almost universal Three rings have been 
tried, but two seem sufficient to keep the piston tight. Rings of 
steel, gun-metal or brass, do not give good results, owing, as the 
case may be, either to their excessive hardness or softness. 

Piston-Rods. — The best form of piston-rod is, as shown in fig. 75, 
made entirely without collars. 

The collar 6, shown in fig. 72, is apt to cause breakage within the 
piston-heads at C. 





t 



Diamettr of screw for 
fixing piston '(d-i ins.) 




Fig. 73.— Piston-rod. 



The principal cause of the breakage of piston-rods is want of 
alignment of the moving parts or mechanism of the engine, owing 
to the excessive wear of the crosshead slipper or slide-blocks. This 
excessive wear is in most cases due to the use of material in the 
slide-blocks which has not the required hardness. The best material 
for crosshead slippers or slide-blocks is cast irou, but the casting 
may be soft, and in that case will wear away with great rapidity, 
and at the same time will give rise to great friction at the slide-bars 
unless the soft casting is immediately replaced by one of harder 
material. Under these circumstances the piston-rod springs out of 
line and quickly fractures, usually in the vicinity of some collar or 
enlarged part, if there be such in the rod. For this reason the 
diameter, d, of the rod (fig. 73) cannot with any accuracy be cal- 
culated solely with reference to the piston load ; but allowance 
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Fig. 71.— Piston-head, Scotch Class. 




Fig. 72. — Common Form of Piston-head. 
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mast be made for a slight springing. The rod will, however, in the 
generality of cases, be of adequate strength when 



The diameter of the screw for lixing the piston maj' be (<:I— ^ ins.), 
and die area of the cotter at £ for securing the crosahead to the rod 

d^ d . . , 

g, and its thiokness .-„, in incbes. 



Fig. 74.— Single Slide-bar Croashead. 

CroBsheads and Slide-Bars. — Tarioua forma of orossheads and 
«lide-bars are shown in figs. 74 to 81. Objeotiona have been raised to 
the single slide>bar form of crosshead {figa. 74 and 75) on account of 




Fig. 76.— Single Slide-bar CroasheuL 
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the overbanging portion round the piston-rod causing a bending- 
action on the piston-rod. Of these two examples the form shown 
in fig. 75 is clearly preferable, since the slide- bars are enclosed 
completely by the cast-iron slides, and are not in contact at the 
sides with gun-metal strips A, as is the case with the form shown 
in fig. 74. This is apt to cause heating and abrasion of the bar. 
The method of oiling through the gudgeon-pin, B, shown in both 
these examples, is also to be recommended. Otherwise the draught 
caused by the motion of the engine blows away the oil after it has 
left the end of the oil-pipe and before it has entered the oil-hole in 
the connecting-rod. Moreover, oil-holes at the small end of the 
connecting-rod are objectionable when drilled through the solid 
part of the rod, fracture often occurring at this point. 

The form of slide-bar on which crossheads of this kind work ia 
exemplified in fig. 76. Care should be taken in designing thia type 
of crosshead, which has been growing in favour for many years, both 
in this country and in America, that its weight is not allowed to 
become too great The weight of these has indeed incrensed so much 
on some lines that it has caused the breakage of a great number of 
piston-rods, and has resulted in a return to two slide-bars and a 
crosshead of the form shown in ^g. 77. Cast steel is, in many 




Fig. 77.— Two-bar Crosshead. 

instances, being substituted for cast iron in crossheads, entailing 
a great saving in the weight — in some cases amounting to over 25 
per cent. With cast-steel crossheads it is necessary to have cast- 
iron shoes for the wearing surfaces, or to have them lined with 
anti-friction metal. 

Fig. 78 shows a form of crosshead for two slide-bars, which are 
illustrated in fig. 79, the crosshead being of wrought iron and the 
shoes or slide-blocks of cast iron. Fig. 80 shows a form of 
crosshead and slide-blocks for four slide-bars, which are illustrated 
in fig. 81. In this type the crosshead is of wrought iron, and the 
slide-blocks of cast iron. The gudgeon-pin passes through the 
slide-blocks and the crosshead, and is enlarged in the latter to 
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Fig. 78.— Two-bar CioadiMd. 
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Fig. 79.— Two-W CroaaheMl Guide. 




Fig. 80. — Four-bar CrotihMd. 
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furnish sufficient bearing surface for the small end of the 
connecting-rod. 

The least area of the crosshead slippers or shoes on one side 

should be — • For single slide-bar crossheads the number of bolts 

4 

should vary from 6 in small to 10 in the largest engines, and have 
a diameter of f in. to f in. The diameter of the crosshead gudgeon 
may be (c^-4) ins. Here D, as before, denotes the diameter of the 
cylinder, and d that of the piston-rod. 
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Fig. 81.— Four-bar Croeshead Guide. 
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CHAPTER VII. 

COSNBCTINO AND COUPLINChBODS. 

CoNTEins. — Transverse Straininff Forces on Connecting-rod — Forms of 
Connecting-rods — Coupling-rods — Strains on Coupling-rods — Forms of 
Coupling-rods. 

CoNNSCTiNG- and coupling-rods are made of forged wrought iron or 
>teeL In determining the section of the rod at its centre, connect- 
ing-rods should not be treated merely as struts. The principal 
part of the stress is not that due to the piston load, but is due to 
the bending effect of transverse forces produced bj the inertia of 
the rod. To make this clear we will estimate the maximum stress 
due to this bending action, and that caused by the piston load in 
an engine with cylinders of 19 ins. diameter and 26-ins. stroke, 
working under a steam pressure of 175 lbs. per sq. in., and running, 
say, at 300 revolutions per minute. 

Transverse Straimng Forces on Connecting-rod. — ^We may treat 
the connecting-rod as far as the bending is concerned as a beam 
supported at the ends. If we consider the load — the inertia forces 
—as uniformly increasing from the reciprocating end of the rod 

to the revolving end, the bending moment at the centre is — g— ; 

▼here W is the total load or sum of the inertia forces, and L the 
length of the rod between centres. 

The transverse load when at a maximum has the following 
value : — 

* '^ 32TR' 

▼here w is the weight of the rod in lbs. ; v the velocity of the 
erank-pin in feet per second, and R the radius of the crank in feet. 
Hence, putting in the specified numerical values and remem- 
bering that a cubic inch of forged iron or steel weighs 0*28 lb., 
▼e oUain — 

W = 4-35 6ALR, 

supposing the rod to be of rectangular section of breadth b and 
d^h A. Also the maximum stress will be— 

6WL 
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Substituting in this the value of W obtained above, we find — 

/ = 3 -J— roughly. 

Let U8 take as the length of the connecting-rod six times that of 
the crank, so that — L being in inches — 

Inserting this value and the numerical equivalents for the example 
given, the connecting-rod being six cranks long or nearly 80 inches,, 
we have j^ 

•^ " A"x 24 • 
If the depth of the connecting-rod be taken as 4|- inches, this 

4*5 X 24 

We see then that the stress due to the bending of the rod produced 
by its own weight only, reaches at this extreme velocity the high 
figure of 4700 lbs. when the piston is at nearly half stroke. 

Further straining action occurs due to the piston load. The 
stress due to this, D being the cylinder diameter, and the breadth 
of the rod being 2 ins., is 

0-78 D« X 100 0-78 x 192 ^ 100 ^,^ „ 

--; = 7^ = 3100 lbs., 

bh 2x4^ ' 

or two-thirds that due to the bending moment. It appears, 
therefore, that the depth h of the rod should be determined by 
reference to the bending moment only, while the breadth should 
be regulated so that the stress does not exceed the values deter- 
mined above. 

For practical purposes it may be taken that the greatest bending 
moment occurs at the centre of the rod, and that the proper shape 
of the rod is that shown in fig. 82, where the greatest depth A is at 
the middle. 




N 

Fig. 82. — Shape of Connecting-rod. 

IL», 
Since / = 7^ — — , and may safely be 5000 lbs. per sq. in., 

120,000 ' 

also when b = ^s *^® ^^^ ^^^^ ^ ®^ ample strength as 

a strut. 



COWNBCTING AND OOUPUNG-HODS. 
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Forms of Connecting-rods. — 
Fig. 83 shows an open-ended 
rod used for engines with out- 
side cylinders. 

Fig. 84 shows the strapped 
form of rod adopted for engines 
with inside ojlinders. 

Fig. 85 shows the solid 
end-rod used principally for 
shunting engines with outside 
cylinders. As before men- 
tioned, the bushed end is 
objectionable. The cross-sec- 
tional areas at the points 
marked A should as &r as 
possible be equal to one 
another; the net area after 
deducting bolt and oil holes 

being made nearly -v-, while 



g the sections at B should be 



D 
3' 



I 

■i 



It is obvious that the method 
of determining the dimensions 
of the working parts here 
adopted does not strictly con- 
form to mathematical theory, 
allowance being made for the 
extra loads, due to wear, exces- 
sive or otherwise, of the {^arts. 
It must not, however, be un- 
derstood that in adopting this 
treatment objection is made to 
the proper theoretical and 
mathematical treatment of the 
subject, since without these we 
should be very much in the 
dark as to the best proportions 
of the various parts of the 
steam engine. 

GouplSig-rods. — Coupling - 
rods or side-rods connect the 
driving-wheels of locomotivea 
on the outside for the purpose 
of utilising the adhesive weight 
on these wheels in the preven- 
tion of slipping. When the 
coupling - rods connect two 



OONNBOTINO AND COUPLING-RODS. 119 

wheels on each side of the engine we have a four-ooapled engine, 
when three pairs of wheels are connected we have a six-coupled 
en^ne; eight- and ten-coupled engines are common in America. 

Goapled engines are especially useful where the loads and grades 
are very heavj. The standard goods engine in Great Britain is 
a six wheels coupled engine. 

Strains on Coupling-rods. — The coupling-rods in engines with 
outside cylinders revolve at a radius equal to the length of the 
crank. For engines with inside cylinders the radius is usually 1 or 
2 inches less than the crank radius. 

In a four wheels coupled engine, with equal weights on the driving- 
irheels, and when the wheels are revolving without slip, the thrust 
and pull on the coupling-rod is equal to half the pressure on the 
driving crank-pin. But if the driving-wheels slip slightly — as for 
instance in going round a curve — then ne^irly all the piston pressure 
IB transmitted by the coupling-rods to the other pair of wheels. 
In running rouna curves, cross-bending also occurs, which combined 
with slipping is the cause of the failure of many coupling-rods ; an 
specially fruitful source of disaster. The rod is also subjected to 
a bending action due to its weight and velocity. 

The adoption of the X section was a decided improvement in 
the design of coupling-rods, for this section combines the maximum 
of strength with the minimum of weight. 

If Be the maximum bending moment due to the weight and 
velocity of the rod, 
Wsthe transverse load on the rod, 
and L« its length; 

thea ^=^' (1) 

For a velocity of Y feet per second when Rs coupling-rod throw 
and A s its sectional area, 

0-28 A V^L 

32-2 R 

This for a speed of 300 revolutions per minute 

«8-7ARL. (2) 

Hence, by substitution, 

B=1-08ARL2 (3) 

and the stress due to the bending moment 

f-'^-i^. W 

Where M is the modulus of the section, which for an X shape 
lection 

-gl(DH«-rf/i3) 

if D, H, df h have the meanings assigned them in fig. 86. 

For a rectangular section M » ^ oA^ where h « depth of section, 
and rf s breadth of section. 
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Od the LondoQ and 
South - Western Rail- 
way the standard 
section adopted for 
coupling-rods is shown 
in Fig. 87. The value 
of M for this section is 
11-8, consequently by 
(4) we have, for a 
coupling-rod with cen- 
tres 9 ft. apart, /= 
108 X fix 1- 08 X 108' 

11-8 
= 1500 lbs. 
This is a small value 
^ compared with that 
B obtained for connect- 
^ ing-rods, and due 
^ entirely to the superi- 
% ority of thn I section 
g over the rectangular 
f section in the matter 
I of strength and light- 
en ness. Nevertheless, in 
^ order to aliow for the 
'Z stress due to the steam- 
£ pressure, and that due 
M to the straining action 
g- on curves, it is not ad- 
S visable to exceed this 
1 allowance of calculated 
S stress. 

t^, FonnB of Conpling- 
£ rods. — Formerly the 
practice was to split 
the brasses of coupling- 
rods and secure them 
with cotters; but the 
universal practice now 
is to bnsh the ends 
with gun-metal forced 
in by hydraulic pres- 
sure and secured by 
either pins or keys. 

Fig. 88 shows a 
coupling - rod for a 
four-coupled engine 
It is necessary that 
the gun- metal bushes 
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■IxniU not be m&de too thia, otherwise the material may be 
"lulud under the presanre of the craok-pin and heating may 
^I'nw- Their thicknesa should not be leas than 
crank-pin diameter 



... (6) 

^gi. 69 and 90 show two forms of joints used for engines having 
more than fonr wheels coupled, in order that the wheels ma; con- 
fonn to the inequalities of the road. The pins are made larger 
wsn necessary for strength in order to give good bearing surfaces. 
The diameter of such pins may be = crank-pin diameter x 0'8. 
4The8e pins should be made of steel or of wrought iron oase- 
'urdeaed, and the joint should bo placed in the port of the rod 
coBplin^ the wheels which are furthest apart. 



Fig. S9. — Coapting-rod for Six (or more) Coupled Engine*. 




Pig, 90. — Coupling-rod for Six (or more) Coupled Engines. 
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CHAPTER VIII. 

WHEELS AND AXLES, AXLE-BOXES, HORNBLOCKS, AND BEARING SPRINGS. 

Contents. — Wheel Centres — ^Axles — Crank-axles — ^Wheel Crank-pins — ^Wheel 
Tyres — ^Azle-boxes — Homblocks — Bearing Springs. 

A LOCouoTiYE engine wheel consists of the wheel centre, tyre, aode^ 
and crank^n. The wheel centre is the portion of the wheel 
extending from the axle to the tjre, and comprises the boss, epokes, 
balance weight, and rim. 

Wheel Censes. — The wheel centres were for many years made of 
wrought iron, and were composed of a great number of forgings 

I 




Fig. 91. — Spoke Section in Wrought-iron Wheels* 

welded together. These are still being produced, although during 
the last ten years cast-steel wheel centres hare been taking their 
place. On two or three English railways wheels of cast iron are 
employed for goods and mineral engines with favourable results. 
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Id Americt, Qut-iron wheel centres lire used almost entirely. Some 
oftbeae ue msde in one piece without tyres, the tread of the irheel 
being hardened or chilled by the use of a cast-iron mould for that 
portiOQ of the wheel. But on all main line express passenger 
ntginet, and the heavy passenger cars, steel tyres are used. 

The number of spokes in cast-steel and wronght-iron wheels is 
■trictly in proportion to the diameter of the wheel ; being about 
three spokes per foot in diameter. The spokes thus join the rim at 
1 dutance from each other of from 11 ins. to 12 ins. from centre to 
Mntre. In wrought-iron wheel centres the spokes are generally 
flit, as shown in fig. 91. The dimensions are about IJ ins. to If 



Fifr 02.— Wheels (oast st«el) and Axle for OatMideKtyUuder Engine. 

■U. thick by 31 ins. to 4 ins. wide at the boos, and slightly tapering 
to 11 ms. to lif ins. thick, and 3 ins. to 3 1 ins. wide at the rim. 
"t ipokea of cast-steel wheel centres are sometimes made flat, but 
ire more generally of the oval section shown in figs. 92 and 93, 
*hich hat been found better for moulding, and adds to the appear- 
uce of the wheel. The rims of cast-steel wheels ore usnally made 
to the section shown in fig. 02, but are sometimes made of 
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the rectangular section, rounded on the inside, employed in 
wrought-iron wheels. The dimensions are usnallj 1^ ins. to 2 ins. 
thick, and 4^ ins. to 5 ins. wide. The rim of the wheel centre is 
turned accurately to gauge for the reception of tyre. 

The thickness of the metal of the boss of the wheel round the axle 
is about one-half the diameter of the axle at the wheel seat The 
crank-pin boss is an extension of the main boss, and is of about the 
same proportions. 

The wheel centres are bored and turned, and are forced on the 
axle— before the tyre is shrunk on — by hydraulic pressure. The 
rule for this pressure varies, some engineers specifying not less than 
80 tons, some going as high as 100 tons, without regard to the dia- 
meter. A good rule is 8 tons per inch diameter ; or where d is the 




Fig. 93. — WheeU (cast steel) and Axle for Outside-cylinder Engine. 

diameter of the axle at the wheel seat in inches Sxd. Keyways 
are cut in the wheel bosses of all driving-wheels, but keys are not 
necessary for carrying-wheels. 

In wrought-iron wheels the balance weights are generally of 
cast iron, fitted between the spokes with a covering plate on each 
side. They are sometimes, however, forged solid ; but this adds 
greatly to the cost. In cast-steel wheels the balance weights are 
cast in one with the spokes and rim, thus permitting the appearance 
of the wheel to be much improved. 

Axles. — Axles are made both of steel and of wrought iron ; the 
latter being the best Yorkshire iron, and sometimes having the 
journals case-hardened. 
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From fig. 94 it will be Been that the axle consists of two journals, 
tvo wheel ae&ts, and the body or centra The ciiief requirements 
in the design of &xlea are strength and durability ; the dimensions 
being chosen so aa to make the journals as large as possible in order 
to give a large bearing aurfiace and thus reduce the weight on the 
journal per sqnare inch. It is not easy to estimate the friction of 
joarnals, because the surface varies, as the wear of the axle-box 
bearing progresses. The journals should be accurately turned, 
vith a large radius or rounding of the corners at each end. At the 
inside end ia a collar which limits the end play of the bearing, and 
at the outside end is the enlargement forming the wheel seat. 
The diameter of the wheel seat is 1 in. or 1^ ins. larger than that 
of the journal. This ia to enable the key way to be cut for the key 
of the wheel centre, and to compensate for the otherwise small 
bearing snr&ee of the seat due to its relative shortness. The 
length of die wheel seat it should be noticed is considerably less 
than that of the joumaL The centre or body of the axle is about 



Fig. 94.— Straight Axles (Driving and Traihng). 

) in. smaller in diameter than the joumal^ The object of this is to 
attain a certain flexibility or resilience when running over an 
sneven road. 

^. 91 shows the driviog- and trai ling-axles used for some 
express and mixed traffic engines designed by Mr. Wm. Adams for 
the London and South- Western Bailway. These are of ample size ; 
the jonmala being of 8 ina. diameter and 11 ins. long ; the wheel 
Matt 9 ins. diameter and 7 ins. long ; and the diameter of the 
centre of the axle being 7J ins. The centres of the bearings of this 
axle are 3 ft. 7| ins. apart. Fig. 93 shows the driving-axle of the 
eipreaa engine of the London and South-Western Sailway pre- 
viously described. 

Crank Axles.— The relative liability to breakage of cranked and 
■traigbt driving-axles has been much discussed. As mentioned in 
Chapter iL the principal objection that baa been urged against 
the inside-cylinder locomotive is the liability to fracture of the 
crank-axle. The webs of crank-axles are made as thick as the 
design of the engine will admit consistently with the space re- 
qnired for the bearings, and the distance between the centres of the 
^linden. 
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Taking d as the diameter of the journal, t as the thickness, and to 
AS the width of the web, then tu^'=»ed^ ; where e is a constant 
which may conveniently have the value c=l'0. 

The crank-axle generally fractures through the inside web or 
across the crank-pin. Care should therefore be taken that these 
parts are made with sweeping curves where they meet. It is also 
■a common practice for the webs to be hooped. For this purpose 
either wrought-iron welded hoops or solid rolled steel hoops (fig. 96) 
are employed ; the latter being the neater. 

The hoops should be made at least ^ in. narrower than the web. 
If 4 ins. wide they are made 1^ ins. thick, and if 3} ins. wide they 
are made l^ ins. thick. 

The inside-webs are sometimes made thicker than the outside- 
webs which are nearer to the wheel seats. The inside-web in that 
case may be 5 ins. thick and 11 ins. or 12 ins. wide, and the outside- 
web 4 ins. or 4^ ins. thick and 1 1 ins. or 12 ins. wide. Some cranks 
have both webs 5 ins. thick. 

The forms of crank-axle webs now vary considerably. Some 
have rounded or circular ends, as shown in fig. 95. Elliptical webs 
are used on the Great Eastern Railway, and circular webs are 
used by Mr. Worsdell on the North- Eastern Railway. The latter 
form is illustrated in fig. 96. Orank-axles with circular webs are 
more easily machined, as the entire work on them, with the exception 
of the keyways, can be done in the lathe. They are also stronger, 
since the webs are very deep, and the thickness of the latter can 
therefore be reduced. This affords greater length for the hearings, 
the shortness of these being one of the drawbacks to the ordinary 
crank-axle of the locomotive. They are, on the other hand, rather 
more costly, more difficult to forge, and are of slightly increased 
weight. 

The journals and the crank-pins are usually made of the same 
diameter as the body of the axle. This, as already mentioned, is 
7 ins. or 8 ins. in engines with cylinders between 17 ins. and 19 ins. 
in diameter. The bearings of the coupled axles are made of the 
same sizes as those of the driving-axles. 

Since the introduction of high pressures in marine engines, 
built up cranks have become general ; but owing to the small siaes 
of a locomotive crank this mode of production has not as yet been 
found to present any great advantage in locomotive construction. 
Mr. Webb, of the London and North- Western Railway has, how- 
ever, made a move in the direction of employing built-up cranks. 
Special tools and appliances are required for their manu&eture, 
but with these there should be no difficulty in making these cranks. 
Hooping the cranks would not then be necessary, nor would there 
be any rounding of the comers at the ends of the crank-pins. The 
eccentric sheaves and middle are in such cranks turned from the 
solid, and the journals are all case-hardened. 
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Wheel Crank-pins. — For engines with outside cylinders, the 
crank-pins for the coupled wheels are half the diameter of the 
joumaJ of the axle, and the length of the crank-pin journal is, if 
possible, slightly in excess of, or if not, at least the same as, its 
diameten 

The driving crank-pin bearings are ^ in. or f in. larger in diameter 
than the bearings for the coupling-rods ; and the length of the 
bearing is the same as its diameter. The part that tits in the 
▼heel centre is } in. larger than this. 

The crank-pins are made of best Yorkshire iron properly case- 
hardened on the wearing surface, or of best cast steel, just as are 
the axles. 

The hole in the wheel for the reception of the crank-pin is usually 
bored parallel, though sometimes with a slight taper. The crank- 
pin is accurately turned, fitted, and pressed into the wheel before 
the tyre is shrunk on by hydraulic pressure. This should not be 
less than 30 tons. The pin is then rivetted over on the inside. 
A washer, secured by cotters, taper-pins, or set bolts, is placed 
on the outer end. These washers are sometimes screwed on the 
crank-pins. 

The same sizes of crank-pins for coupling-rods are' used for 
coupled wheels with inside cylinders, the distance of the centre of 
the pin from the centre of the axle being in this case 1 in. or 2 
ins. less than half the length of stroke. The object of this is to 
aid in reducing the straining action on the coupling-rods owing to 
worn places on the tread of the tyres or other cause. 

Wheel Tyres. — The tyre, which is the wearing part, is now 
made of steel, solid rolled. Tyres are bored out internally slightly 
smaller in diameter than the outside diameter of the rim of the 
▼heel. The shrinkage generally allowed is jiy^ of the diameter of 
the wheel centre. 

The American Railway Master Mechanics' Association recom- 
mended dimensions which difier slightly from those given by the 
above rule. They are as given in the table below. 

TABLE XI. — Dimensions fob Shrinkage of Tyres on 

Wheel Centres. 



I>Uun«ter of Wheel Centres. 


Allowance for Shrinkage of l^ie. 


3 ft. 2 inB. 

3 ft. 8 ins. 

4 ft. 2 ins. 

4 ft. 8 ins. 

5 ft. 2 ins. 
5 ft. 6 ins. 


0040 inch. 
0-047 „ 
0-053 „ 
0-060 „ 
0066 „ 
0-070 „ 



In order to enable the wheel centre to be inserted in the tyre, 
the latter is expanded by heating, gas furnaces being now generally 

9 
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used for the purpose. The wheel centre ia then dropped into the 
tyre, wbich shrinks on tightly as it cools. 

Various qnalities of steel have been made use of for wheel tyreo, 
but it has been generally found to be more economical to use the 
best cast ateel. 

Tyres originally were made from 2 ins. to 2J ins. thick ; but 
3 ins. and 3} ins. is now the thickness generally adopted, and 
6J ins. the width. Bogie tyres, however, in some inatsnces are 
not more than 5 ins. or 5^ ins. wide. 

After the tyre has been shrunk on the wheel centre, it is turned 
to the exact form required. In this operation it is made slightly 
conical, the slope being 1 in 20, or \ in. in a length of 5 ina. The 
chief reason for this is to diminish wear and tear and resistance in 
going round curves. When traversing a curve in the track the 
outer wheel will run on its largest diameter and the inner wheel 
on its smallest diameter, thus reducing slip. In engines with six 
and eight wheels coupled the middle wheels have the flanges 
turned thinner than those of the leading and trailing wheels ; and 
in some cases the flanges are removed altogether. The flangei 
usually project 1^ ins. and are from 1 in. to 1^ ins. thick. 

There are many methods of securing the tyres to the wheels, 
many hundreds of patents having been taken out for designs having 
this for their object. 

Fig. 97 shows the tyre secured to the wheel by a lip and & number 
of steel set screws 1 in. or 1| ins. diameter, with 11 threads per 



Fig. 97.— Wheel Eim and Tyre. 

inch, the set screws being placed one each in the alternate spaces 
between the spokes. Tyres nre also fastened to the wheel centre 
by retaining rings similar to those used for many years on carriage 
wheels and known as Mansclt's fastening. These rings are placed 
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on each side of the wheel, a&d are fastened to the wheel centra by 
riveti, the tyres being grooved and the rings having projeotiona 
which fit into them. This is a good system ; for if the tyre breaks 
into any number of pieces the rings will hold them together. It is, 
hovever, open to the objection that the tyre is in no way secured 
to the wheel ; and when the continuous brakes were adopted it 
wts found that the wheel centre would turn inside the tyre when 
the Inakes were applied. 

Pig. 98 shows an improvement in the Mansell fastening, in which 
it will be seen that the tyre has a projection on the onteide which 
(akei the place of the ontside ring, 
the inside ring being used as before. 
Rivets also pass through the ring, 
vhrel rim, and tyre. This has been 
found to be an excellent &Btening. 
This form of tyre is used on the 
<>rat Eastern and North-Eastem 
RNlwaye. 

Azls-boxeB are made either of 
gun-metal or of cast iron, wrought 
iron — case-hardened — or cast steel 
with gnn-mel^ bearinge. The 
bearing anr&oes are frequently in- 
Isid with nnti-friction metal. The 
boxes have flanges on each side for 
the whole lengm, between which 
the hombloeiiM on the engine frame 
dide as the engine rises and falls 
on its springs;. When the bearing 
•priDg is supported on the top 
<k the axle-box, the latter has a 
recess for the reception of the 
ipring-pin. When the bearing 
spring is disposed below the axle, 
snd is suspended from the axle^ 
boi, the bottom of the box through which the spring-pin passes 
must be made thick, since the whole weight is borne by the 
sides of the axlo-box. If the pin ia 1^ ins. diameter the thick- 
ness of metal at the bottom of the box should be at least 
1} ins. Springs suspended below the axle are called uftder- 
Im^ springs, u the box is entirely of brass (fig. 99), the work- 
ing bees should have a thickness of — , taking d as the diameter 

of the axle journal. They should be accurately planed to enable 
them to work freely in the horns. Driving axle-boxes have -^ in. 
side play on each side of the guides. In an engine with a bogie 
the trailing axle-boxes would have the same pUy, viz., -^ in., but 
in a six wheels coupled engine, the leading and trailing axle-boxes 
would have \ in. side play on each side of the guides. The bearings 
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should be bored out slightly— say A in. or X in. — larger thui the 
journal, bo as to fit loosely at the sides, and should be ^ in. shorter 
than the axle journal in order to give clearance. They should sIeo 
fit closely over a quarter of the circumference at the crown. 



^ 



Fig. 99.~Bra8a Axle-box. 

A Hcimbloct aeciired to engine frame. 

B Engine frame. 

C Brass axle-box from which ia suspended by pin, D, the 

engine bearing spring. 
F Keep. 

G Lubricating pod. 
H Homstay. 
I Adjusting wedge and screw. 

The brass for a cast-iron, cast-steet, or wrought-iron axle-box 
(fig. 100) should be well fitted into the crown of the box. Some- 
times such brasses are provided with strips for ensuring a good fit. 

The thickness of the brass at the crown should be -=—. A boss or 


squared projection should be provided at the top of the brass t» 
fit in a recess in the axle-box. This being furnished, the brass 
is kept from moviug, and flanges are not required. 

The top of the axle-box is used as an oil reservoir, from which 
fupea stmietines pass through holes to a recess in the crown of the 
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bfluring. These are for lubricating the journal by means of 
Jrtmmtn^. If this plan ia adopted, a piece of ^ sheet iron is 
reqnired on the top to keep out all dust and dirL As oU-boxes of 
thii kind are difficult to get at, it is more usual to have an oil-box 
Gi«d on the side of the frame. In such cases the oil is conducted 
to the hole or holes in the axle-box hj a copper pipe, the trimmings 
being in the oil-box. At the bottom of the axle-bos is a light iron 
easting — the keei>~about ^ in. or ^ in. thick. This is fitted into the 



Pig. 100.— Cast-iron, St^cl, or Wrought-iron Axle-box. 

axle-box, and in it is general!}' placed a lubrioating pad, on which 
Ae oil runs from the journal. This pad is kept close to the journal 
by means of springs placed underneath it. 

Honblocks. — The hornblocks, or axle-box guides (fig. 99), are 
msde of cast st«el, or cast iron, or sometimes wrought iron case- 
hsrdened ; they have also been forged solid with the engine frame, 
then having loose cheeks fitted to them. 

It is usual now to make the top and sides in one piece and well 
flanged in order to stifiien the frames. The working faces are made 
wide to suit the axle-boxes, a side plaj of ^^ in. being allowed, as 
More mentioned, for driving, and ^ in. for leading and trailing 
axle-boxes. The hornblocks, after the flanges have been planed all 
over, sre fitted and secured to the frame by well-fitting turned bolti 
or rivets of about 1 in. ur 1^ ins. diameter, driven tight into holet 
properly rimer«d out. 
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Adjastable wedges (fig. 99) are much used on the driving- and 
ooupled-wheels to take up the wear of the axle-boxes in the horns ; 
the taper being 1 in 10. 

Homblocks forged solid with the frames were found to &il after 
some years, where the frame plates had been welded to the forging. 
Hcmstayi are carefully fitted to the bottom of the homblocks or 
frames. These strengthen the frames where they have been 
weakened by the cutting of the gap to receive the homblocks and 
axle-box. They also keep the homblocks from springing, and assist 
in preventing the axle-boxes from twisting on the journals of the 
axle. 

Bearing Springs. — Locomotive bearing spiings are of various 
forms, distinguished as laminated, spiral, and volute. 

Laminated or plate springs are generally used. In these, which 
are composed of a series of superposed steel plates, the top or back 
plate is the longest, and each plate in succession is shorter than the 
previous one until the centre is reached. At the centre the plates 
are held together and in position by a buckle. These springs must 
not merely be strong enough to carry the load, but must at the 
same time be flexible, and should work freely. 

For engine bearing springs, the plates are from | in. to § in* ii^ 
thickness, and vary in width from 3 to 5 inches. 

The springs may be supported at the two ends and bear the 
weight at the middle, or may be supported at the middle and be 
movable at the two ends — t.e., they may either be hung from the- 
bottom of the axle-box, or may be fixed above the axle-box. 

The following rule for the strength of springs is given by D. K. 
Clark :— 

D = Deflection in inches per ton of load. 

N = Number of plates. 

L ^ Safe load on spring in tons. 

B =^ Breadth of plates in inches. 

T -B Thickness of plates in sixteenths of an inch. 

S := Span of spring in inches. 

Then to find the deflection, 

T» B N* 

To find the number of plates, 

ITSSL 

To find the safe load in tons, 

BT2N 



L = 



11-3S' 



The buckles of laminated springs are made of wrought iron. 
They should be a good fit, and to ensure this they are sometimes, 
machined or slotted inside. They are then heated and shrunk on. 
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to the spring. In some cases a hole is drilled through the centre of 
each plate of the spring and a rivet is put in. To prevent the 
plates from shifting side or endwise they are nibbed and slotted. 
The length of a spring varies from 2 ft. 6 ins. to 4 ft. 6 ins. It is 
niged by some that a long spring rides easier ; where such a length 
is possible a spring 4 ft. long gives excellent results. 

The hangers are of wrought iron and are hung or fixed in 
brackets on the frame. -They are attached to the ends of the 
springs, and are disposed so that the spring may lengthen or 
shorten as the weight comes off or on through irregularities in the 
road. 

Compensating beams or equalising levers (see Ifi, Plate I.) are 
sometimes used between l^e springs of the coupled wheels. In 
America this practice is almost universal. It is claimed that with 
this arrangement the engine rests on two points at the trailing end 
—where the centres of the beams are on each side — and the leading 
end on one point, the centre of the bogie or pony truck. The effect 
of the compensating beam, when the arms are of equal length, is to 
distribute the weight equally on the coupled wheels. The weight 
of the engine being supported at the centre of the beam, the weights 
transferred through the springs to the axles are equal — hence the 
term "equalising lever." Engines fitted with this arrangement 
lide much easier on uneven roads and with greater safety. 

The compensating beams and cross-shaft are made of wrought 
iron. The hangers are of wrought iron or cast steel, and are 
attached to the frames by turned cold rivets of about | in. diameter. 
Spiral springs are much used as driving springs ; they are made 
of rectangular or of special sections of steel, and have to be made 
to deflect a given distance with a given load. They are generally 
fixed in pairs in special harness suspended under the axle-box. 
An ezample of these is seen in Plate III., as fitted to the axle- 
hoxes of the driving-wheels. The springs, A A, rest upon the plate 
B, suspended by the hangers C, from the axle-box. The engine 
^me bears upon the plate, D, which is supported by the springs. 
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CHAPTER IX, 

BALANCING. 

Ck>NT]Eii?T8. — ^Inside-cylinder Single Engines — Inside-cylinder Coupled EIngine — 

Outside-cylinder Engines. 

In order to prevent dangerous oscillations at high speeds it is 
necessary that certain parts of the mechanism of a locomotive 
engine should be properly balanced. The revolving or rotating 
parts if unbalanced produce by the action of centrifugal force shocks 
and blows on the rails and framing of the engine. Since centrifugal 
force increases as the square of the number of revolutions in a given 
time, the forces developed by the action of unbalanced revolving 
weights becomes at high speeds large in amount, and sufficient to 
produce unsteadiness in running. These forces may be practically 
neutralised if balance weights are introduced having the same 
moment referred to the centre of the axle as the unbalanced parts. 
Obviously, in order to make their effect exactly opposite to that of 
the unbalanced parts, such balance weights would have to be 
bolted or otherwise secured to the crank-shaft. In other words, 
we should have, as has been proposed, one set of balance weights 
fixed exactly opposite to the centre of the crank-pin, and another 
reciprocating oppositely and transversely to the connecting-rod. 
The objections to this plan are that the weights would be liable to 
shake loose, and that in many engines consideration as to space 
would prohibit its adoption. Furthermore, the motion of the 
reciprocating parts produces a turning moment or couple tending 
to twist the engine athwart the track. For steadiness in running 
this turning moment must be annulled by weights placed in such 
positions as to produce a turning moment equal in amount but 
opposite in tendency . In order to effectively secure this the wheels 
appear to be the most appropriate position for the counter weights. 
The doubts which have been casf* upon the usual method of 
balancing have probably arisen from the carelessness with which 
many engines have been designed in this respect ; too heavy 
balance weights often having been applied, and the error increased 
by the counterbalances having been placed in the wrong quadrant 
The doubt as to the exact amount or proportion of the recipro- 
cating parts which has to be balanced in addition to the rotating 
parts renders the problem well-nigh indeterminate ; but long ex- 

*8ee Discussion in Engineering in 1894-5, vols. Ivii., Iviil., and lix. 
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perienoe has proved that when one-half of the reciprocating parts — 
<»*t at the same time heing taken to have the other portion of the 
problem carefully worked out — is balanced, the results are very 
^tisfactory indeed. 

Inilde-cylinder Single Engines. — For the weight of the parts to 
be balanced we must take 

• 

(wt. of unbalanced part of crank-webs + wt. of crank-pin 
+ wt. of large half of con.-rod) 
+ f (wt. of small half of con.-rod + wt. of ci-osshead + wt. of 
. piston and rod). 

^l this quantity to, and suppose we have to determine in the 
^TBt place the position and amount of balance weights, W, for an 
^Midensylinder single-driving engine. 

l^t R^traDsverse distance between cylinder centres. 

S^ transverse distance between centres of wheels; or — for 

4 ft. 8i-ins. gauge — 4 ft. 11 ins. 
2 s length of crank. 
L= distance of centre of gravity of counter weight from 

centre of wheel. 

nefening to fig. 101, and to that part of the engine shown in 
P^Q) it is obvious that the disturbing effect of the unbalanced 
moving parts of one cylinder will be divided between the wheels in 




Fig. 101. — Balancing of Inside-cylinder Single Engine. 
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the inverse proportion of the distance of the cylinder centre from 
the centre of each wheeL The nearer the left-hand cylinder is to 
the left-hand wheel the larger will be the balance weight to be 
placed in the left-hand wheel, and the smaller that to be placed in 
the right-hand wheel. Clearly these weights will be proportional 

Q 1 T> Q „ "R 

to — - — and — - — . Hence, the total balance weight, W, will be 
divided into two parts A and B, as follows : — 

wl S-R ^ . wl S + R ^ 

_.__ = Aand— --^^R ... (1) 

It is inconvenient to place two separate weights in each wheel ; 
and a single weight must be substituted for these two weights. 
The amount of the equivalent weight and its position may be 
determined by the principle of the parallelogram of forces. Thus, 
the weight W^ to be inserted with its centre of gravity at a distance, 
L, from centre of the axle is 



-r*a8>*"*"*' • • •  « 

Graphically, make EF (fig. 101) equal to A and DE equal to B, 
then E G represents W^ and fixes the position of its centre. The 
radius on which the balance weight lies must make the angle D E G 
with the centre of the crank produced. We have also 

tanDEG = | = |^ (3) 

For an example let us determine the size and position of the 
balance weights of a single-driving express engine, with inside 
cylinders 17 ins. diameter, and 24-ins. stroke; driving-wheels 7 ft. 
1 in. in diauieter. For a wheel of this diameter the centre of 
gravity of the balance weight would be very nearly at a distance of 
32 ins. from the centre of the axle. If it is found that this distance, 
as at first assumed, is not accurate, a correction must afterwards be 
made. In the given example S = 59 ins. ; R = 28 ins.; 1^X2 ins. 
Also, the weights of the parts to be balanced are as follows : — 

Inside weights, revolving parts — 

Connecting-rod (large half), . . . 200 lbs. 
Crank- web and crank-pin (unbalanced pai*t), 316 „ 



Total, . 516 



» 



BALANCING. 1 3^ 

Inaide weights, reciprocating parts — 

Fistoa and rod, 262 lbs. 

CroBshead, 212 „ 

Connecting-rod (small half), . . . 100 „ 



Total, , 574 

574xi + 516 = 803 1bs. = M;. 

By formula (2) 

803 X 12 



>> 



W= Va2TB2 = ^,jj-^^-^2T^^ V59» + 28« = 236 1b8., 

Uie weight of counter balance at 32 ins, radius. A segment having 
this weight is designed for the wheel, and its centre of gravity 
detennined. This may be done by the aid of a small plummet 
and a piece of paper cut to the shape of the segment. Correction 
then can be made if the centre of gravity, as at first assumed^ 
is foonri to be inaccurate. 
For the position of the balance wreight, 

tan DEG = ^""^=— = 0-35. 
S + R 87 

Ihaide-cylinder Gonpled Engines. — The method of procedure in 
this case is best illustrated by taking an example. Let it be 
required to determine the weight, W, of the counter balances for 
an injside -cylinder engine, with cylinders 17 ins. diameter and 
24-in& stroke; the diameter of the coupled wheels being 4 ft. 10 ins. 
For a wheel of this diameter the centre of gravity of the balance 
weights would be very nearly at a distance of 18 ins. from the 
centre of the crank ; also, S = 59 ins. ; R = 28 ins. ; ^= 12 ins. 

The inside weights are the same as in the preceding example ; 
but note that formula (1) must be used, as correction must be made 
for the weight of the outside unbalanced revolving parts. The 
weights of these are as follows : — 

Unbalanced part of crank boss and pin, . 130 lbs. 
Half coupling-rod, 100 „ 



Total, . . 230 . 



M 



« „v » «»^ S-R SOSxU 59-28 ,,^,^ 
By(l) A = j^gx^ ___g^_ 140 lbs. 

„ tol S + R 803x12 69 + 28 „„„ „ 
^"LS'^-r -18759 "-^-'^^^ lbs. 

From the weight of B correction must be made for the weight of 
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the unbalanced outside parts as foUovs: — 11 ins. is the radius 
of the coupling-rod pin. 

392-??^^ =252 lbs. 



W = VA2 + B2 = n/( i40)« + (262)2 = 286 lbs., 
weight of counterbalance at 18 ins* radius. 

TanDEG = ||? = 0-44. 

This determines the weight and position of the balance weight 
for the driving-wheels. For the other coupled wheels it is neces- 
sary to determine the weight, N (fig. 102), to be placed exactly 
opposite the coupling-rod pin in order to balance the wheel boss, 
coupling-rod pin, and one-half the weight of the coupling-rod. 
Here — 

W = -Y-= ,Q = 133 lbs. at a radius of 19 ins. 




Fig. 102. — Balancing of Inside-cylinder Coupled Engine. 
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It is of great importance that the balance weights should be placed 
in the proper qnadrants. Looking on the left side of the engine, 
when the coupling-rod and crank are on the vertical centre line 
(fig. 102), the crank above and the coupling- rod beneath, the centre 
line, £ 6, of the counter-balance should always fall in the quadrant, 
X, and a little in the rear of the line, E D. Many engines do not 
comply with this condition. When the engine to be b«ilanced is a 
powerfol one with small driving-wheels, it is often difficult to get 
in a balance of sufficient weight on account of the short distance of 
the centre of gravity of the counter-balance from the centre of the 
axle. In that event it is advisable to adopt the following plan, which 
has been stated to give good results : — Take the whole of the dis- 
turbing weights as found before, add to this the weight of the coupling- 
rod, conpling-rod pins, and unbalanced pi^rt of the wheel bosses; 
divide this weight by the number of coupled axles, and call this to. 
Proceed then to determine balances of equal weight for each of the 
coupled wheels, like that at G (fig. 102). In this way we divide th& 
counter-weight required to balance the reciprocating parts equally 
between all the wheels. 

Oatdde-cylinder Engines. — In this case, for strict accuracy, we- 
ought to divide the balance weight between the wheels as in the 
preceding case ; but the distance, x^ is so small as compared with y 
(fig. 103), that we can suppose all the disturbing effect, a, to be 
concentrated in one wheel. We thus have only to determine the 
moment of the unbalanced parts about the centre of the axle and to- 
place a balance weight having an equal moment about the same 
^ntre exactly opposite the crank-pin. For the driving-wheel, take 

(wt. of crank-boss + wt. of crank-pin + J wt. of con.-rod) 
+ ^(half wt. of con. -rod + piston + piston-rod + crosshead). 

Gall this w, and proceed as in the determination of the weight N 
(fig. 102). This applies only to single engines. For coupled engines 
we mnst add half the weight of the coupling-rod in obtaining the 
▼alue of «7, and then proceed as in determining N, The same 
<iifficQlty occurs in this case as in inside-cylinder engines, when the 
driving-wheels are less than 6 ft. diameter. It is therefore advisable 
to make the weights in all the wheels equal. We thus avoid an 
exceedingly heavy weight in the driving-wheels ; and, moreover, all 
^e wheels in this respect are made interchangeable. For an 
example, take the case of a 19 ins. x 26 ins. outside-cylinder four 
coupled engine with wheels 7 ft. 1 in. in diameter. The radius of 
l^e centre of gravity of the counter-balance in the driving-wheel 
u 32 ina, and in the other coupled wheels is 35 ins. The weigh ta 
of the parts to be balanced are as follows : — 
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Revolving parts- 
Half oouplitig-rod, 1 22 lbs. 

Unbalanced part of crank boss, 1^0 »> 

Large half connecting-rod, . 200 „ 

Orank-pin, 40 „ 

Total, 542 „ 

Reciprocating parts — 

Small half connecting-rod, . . 130 lbs. 

. Crosshead, 215 ,, 

Piston and rod, 301 „ 

Total, 646 „ 

Weight at 13 ins. radius to be balanced = 542 + 646 ^ i- 865 lbs. 

W = «^' = 3511bB. 
At 32 ins. radius, to be placed exactly opposite the crank. 




Fig. 103.— Balancing of Outaide-cy Under Engine. 
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for 'thk^ weig'ht on. the other coupled wheels we have to balanc 
the foUo-wiikg parts : — 

Half coupling-rod, • 122 lbs. 

XJnbalanced part of crank bosSi 1 80 „ 
Coupling-rod pin, . . 40 „ 

342 lbs. at 1 3 ins. radiuf 

342x13 ^„. ,, 
— ^= — =127 Ibe. 
35 

tt 33 UB.B. radinSy placed exactly opposite the coupling-rod pin. 
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CHAPTER X, 

YALVB GEAR. 

CoNTBVTS. — Single Elcoentrio Valve €rear — Revening Gear-^Link MotioDB — 
Valve Ellipse — Centre of Reversing Shaft-— GkKxsh's Valve Qear — ^AUan's 
Valve Gear — Radial Gears — Joy's Valve Gear. 

The motion of the slide-valve is derived from the driving-axle 
through the medium of the valve gear. The function of the valve 
gear is so to actuate the slide-valve that the admission and escape 
of steam, to and from the cylinder, will be effected in such regular 
and proper sequence, as to ensure the proper reciprocating motion 
of the piston. 

Single Eccentric Talve Gear. — For simplicity we will first con- 
sider the motion due to the most simple form of valve gear, namely, 
that in which the valve receives its reciprocatory movement from 
a single eccentric, keyed to the driving-shaft or axle. 

A gear of this kind would be non-reversible, and, therefore, not 
capable of application to a locomotive engine, which must, of course, 
be provided with a valve gear suitable for either forward or back- 
ward running. It is, nevertheless, necessary to consider the action 
of this simple non-reversing gear, for, as will presently be shown, 
the distribution effected by any kind of valve gear, with a given 
position of the reversing lever, is such, that a single fixed eccentric 
can be determined which would give very approximately the same 
distribution. This equivalent single eccentric, known as the virttuU 
eccentric, thus affords a convenient aid in exapiining the actiona 
of, and comparing, different gears. 

In early engines the valves were arranged without lap or lead. 
A valve of this kind is shown in fig. 104. The eccentric throw, 
O 6, is drawn full size, while the valve and crank, O A — which is on 
the back dead centre — are drawn to a smaller scale. The valve 
receives its motion from the eccentric-rod, indicated by the centre 
line B C. Evidently the slightest movement in either direction 
will open one of the ports for the admission of steam, and will place 
the other port in communication with the exhaust cavity. 

In fig. 105 the crank has moved through an angle of 90* to O A,, 
and the centre of the eccentric to B. Each port is now fully open 
— one to steam, the other to exhaust — hence 

Port opening &= O B = throw of eccentric 

In fig. 106 the piston has completed its forward stroke, and the 
valve has returned to its central position. 
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FigB. 104-107. — Slide-yalTe Diagrams. 
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Fig. 107 shows the valve in the position of full port opening for 
the front port. Further movement of the crank returns the 
eccentric to its original position, as in fig. 104. 

When this arrangement was employed the steam was found to 
enter and leave the cylinder with difficulty. Consequently, it was 
found necessary, in order to avoid shocks at the ends of the stroke, 
to allow the valve to open the port for admission of steam a little 
before the piston reached the end of its stroke, or just before the 
crank reached the dead centre. This is called giving the valve 
lead. 

Further, in order to utilise the expansive force of steam, the 
valve must close the steam port before the piston reaches the end 
of the stroke. To accomplish this the valve must be provided with 
lap. 

In fig. 108 the valve has been extended on each side by the 
amount O D, the lap. To this extent it overlaps the steam ports 
when in the central position. The valve and the centre of the 
eccentric have, however, been moved forward by the amount 
O D + D E, the lap and lead, as compared with its position in fig. 
104, and the eccentric has been advanced through the angle B O B'. 
In future we shall refer to the angle BOA, by which the eccentric 
leads the crank, as the angle of advance. 

If a line D B" be drawn to cut the throw circle in B" and B"OA' 
be made equal to the angle of advance, A' will be the position of 
the crank when steam is on the point of being admitted to the 
cylinder, the angle AO A' is called the angle of pt's-admission. 

Fig. 109 shows the valve in the position for full port opening ; 
the throw of the eccentric has been increased, for it is now 

O B = port opening + lap, 

and not simply the port opening as before. If a line D B'" be 
drawn, and the angle B^'^OA'^ made equal to BO A, then A/' is the 
position of the crank when steam is cut off. Fig. 110 shows the 
position of the crank and eccentric, and of the valve with the full lead 
opening at the front port, just as the piston is at the beginning of 
its stroke, while fig. Ill shows their relative positions at the 
moment of full port opening at that port. 

The sequence of operations just described is usually called the 
distribution^ while the various phases of the cycle, the admission, 
cut-off, release, and pre-admission are called the phases of the 
distribtUion. 

Reversing Gear. — So far we have been dealing with eccentrics 
fixed so as to ensure forward running. When the crank (fig. 108) 
is at Af and the centre of Ihe eccentric at B, the distribution, as 
we have seen, is such that motion must take place in the direction of 
the arrow 1 , the valve, at starting, moving from right to left. If, how- 
ever, we wish the motion of the crank to take place in the direction 
of the arrow 2, when the crank is at A, the valve must still move 
from right to left in order to open. Evidently then the valve must 
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Figs. 108-111. -Valve Gear Diagrams. 
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be controlled by an eccentric centred at D, so that when the crank 
moves in the direction (2), the direction of ^e valve movement at 
starting is unchanged. Hence the rule th&t in whichever direction 
motion takes place, the eccentric must be fixed bo as to move in 
advance of, or to lead, the crank. If, then, we can place the valve 
under the control either of the eccentric at B, or of tiiat at D — that 
is, under the control of either the forward or backward eccentric— 
we shall have a true reversing motion. 



Fig. 112.— Qab Reversing Gear. 

The means by which the early engineers solved this problem ia 
shown in fig. 1 1 3. This illuBtrabes the now obsolete " gab " motion. 
Two eccentrics were keyed to the. driving-axle under the conditions 
indicated in fig. lOB, and the eccentric-rod ends were made with 
hooks, or gabs, either of which was capable of being made to engage 
with a pin or stud on the valve-spindle. By moving the reveraing 
shaft, one or other of these hooks was brought into action, and the 
backward or forward eccentric was accordingly placed in "gear." 
With this arrangement no alteration in the point of cutKifF is 

Index to Fio. 113. 



A Driving-axle. 
B Craok-pin. 

C, C E^Dgine connecting-rod and pia- 

D, D' Backward ecceDtric and eccen- 

tric-rod. 

E, E" Forward eooen trie ftod eccentric - 

F Expansion link. 
G Ra -jraing shaft supported in 
bearings on main frame, H. 



I Arm on reversiDg shaft from which 

link F is suspeaded. 
J CounterbaUnoe to link and ecoen- 

tric-rods. 
K Arm on reversing shaft connected to 

L Valve '"^ 

M Motion plate to whicli valve spindle 

guide, N, ia secured. 
Slide valve. 
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possible, the engine, whether running backward or forward, being 
always in full gear. The failure of the hook-ends to properly 
engage with the pin on the valve-spindle when the engine was 
reversed, was the cause of many break-downs. This gear was 
entirely abandoned for the invention of Howe known as the 
Stephenson link motion. 

Link Motions The transition from the '< gab *' to the '' link '' 

appears now to be very simple, but some considerable time elapsed 
before this great improvement was conceived. Simple though the 
change was, it was one of the principal steps in the perfecting of 
the locomotive. Economy in coal consumption was at once effected 
by the introduction of variable and increased expansion, which the 
adoption of the link-motion rendered possible. At the same time 
the distribution was so much improved that really high-speeds 
became feasible. Although the link-motion has been long in use 
we are safe in saying that no reversing-gear has been introduced 
superior to it in all points ; while, in respect to, at least, one vital 
condition, that of durability, it probably surpasses them all. 

Fig. 1 13 shows the application of the link motion to the London 
and South-Westem Hallway outside-cylinder express engines. The 
link is suRpended from an arm on the reversing shaft, and is shown 
in the mid gear position. As by an adjustment of the reversing 
shaft it Ib moved down, the slide block is brought more under the 
control of the forward eccentric, the motion of the valve then being 
such as to ensure forward running. When the link is raised the 
slide block is brought under the control of the backward eccentric, 
and the motion of the valve is then such as to ensure backward 
running. Tn each of the extreme positions the link is said to be in 
" full gear,'* either " forward " or " backward." 

In fig. 114, the centres of the link motion are drawn in full lines 
for the mid gear position, with the crank on the back dead centre. 
The valve has moved forward from its central position the distance 
Cy by which the centre of the eccentric is in advance of the centre 
line of the axle ; also, by reason of the angularity of the eccentric- 
rod, it may be said to have lost an amount of advance equal to a ; 
and the curvature of the link has caused the valve to be further 
advanced by the distance d. The net movement exceeds the lap 
by the mid gear lead. Hence 

lap and lead in mid gear = € + <£" a. 

If r = radius of link and the length of the eccentric-rods ; and x 
- distance of the centre of curvature of the link from the centre of 
the axle, evidently from the figure : — 

r-i-x = r + c-^d-a. 

a; s c + G? - a = lap and lead. 

In other words, the centre of the radius of the link must be located 
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in front of the centre of the driving-axle by an amount equal to the 
lap and lead for the mid gear position. 



Rm¥w/9tnq Shmft 




fmdttnu^ ^rcrMfticc 



Fig. 114. — Centre of Curvature of Expansion Link. 







XL Ctc9nCr!c 



Fig. 115. — Vertical Eccentric. 
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Further, with such angles of advanoe as are usual in practice the 
half travel of the valve in mid gear cannot exceed the amount of the 
lap and lead. If the crank moves through a small angle, a, from 




Fig. 116.— Action of Link Motion. 

its position at the dead centre, as shown in fig. 115, then the hori- 
zontal component, A, of the travel of the backward eccentric must 
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^oeed the horizontal component, B, of the travel of the forward 

^'^ntric, and the valve aocordingly must move backwards, since, 

P^ loid gear, the block is coatroU^ equally by each eccentric. It 

^Uo^8 therefore that the valve has reached the limit of its travel 

.^ IS on the point of returning ; also tbat the full port opening in 

^ gear cannot exceed the leiul. The distance, x, thus represents 

® thro^ of a single fixed eccentric which would give a distribution 

^^^alent to that of the link motion. Jn other words, x is the 

^ of the virtual eccentric for this position of the gear. 

tit^ • arc of a circle, FX B (fig. 116), be drawn through the ex- 

^j^^^y of the arm, Xy and the centres, F, B, of the forward and 

J^ward eccentrics, the centres of the virtual eccentric arms for 

J. ^ position of the block in the link will be located on this arc. 

^6 divide the arc F X B in the same proportion that the block 





Fig. 117. — Movement of Expansion Link. 

^▼ides the distance between the points of the attachment of the 
eccentric-rods to the link, 4 being the point thus obtained for *' full 
fiw" then 4, 3, 2, 1. X will be the extremities of the virtual eccen- 
tric arms for full gear and intermediate positions. The variation of 
tJie lead is shown by the distance from A to the feet of perpendicu- 
lars from 1, 2, *<, 4 on OX. The port opening for full gear will be P 4, 
and for the other positions L 3, N 2, Ml. Take the point 1 for ex- 
ample; this corresponds to the position of the block in the link when 
the reversing lever is in its usual running position. In this case M 1 
is the port opening, and AD the lead. If the circle, 1 XT, be drawn 
cutting the perpendicular A G at H, and if B O U be made equal to 
angle, HOI, then U is the position of crank when cut-ofi^ occurs. 
Also, if angle, K O V, be made equal to T O 1 then V is the position 
when exhaust or release begins to take place on the steam side of 



154 DESIGN AND CONSTRUCTION OF LOCOMOTIVES. 

piston and when compression begins on the exhaust side. Hence, 
the theoretical indicator diagrams can be drawn as shown. 

Having made an approximate determination of the centres of the 
gear in this form, the various positiqns assumed by the centre line 
of the link during one revolution and for each position of the block 
in the link may be ascertained. Fig. 117 shows the result of this 
process for one position of the block. Evidently this determination 
for all positions of the block is a tedious operation. It is safer and 
quicker to arrange the gear on a full-sized model, and, after trying 
the motion over, to make such alteration, as may be considered 
necessary to effect a correct distribution. 

Fig. 118 shows a simple form of model board mounted upon a 
large frame of wood. In. this the two eccentrics are adjustable both 
as to throw and advance, and the lengths of the valve-rod, eccentric- 
rods, lifting- links, and connecting-rods are also adjustable. The 
centre of the reversing shaft can also be fixed in any suitable 
position. The valve is drawn upon the prolongation of the valve- 
rod while the ports are drawn upon the frame of the model. The 
spindle carrying the eccentrics passes through the board and has 
fixed to it at the back the crank and connecting-rod — both ad- 
justable — by which a movable portion of the board is made to 
reciprocate. A cord attached to the " valve " and passing over 
pulleys reciprocates a pencil transversely to the latter. When these 
adjustments are arranged to suit the centres of the provisionally 
determined gear under consideration the gear is " tried over " and 
the ^* results " — i.e.y the leads, points of cut-off, and other phases of 
the distribution — ^are noted. Upon the suitability and general 
accuracy of these results or otherwise will depend the alteration or 
retention of the centres of the gear as at first arranged. After the 
first trial slight alterations in the centres of the gear may be neces- 
sary. Thus, for instance, if the valve is set with equal leads the 
cuVoffs may not be quite equal,* and an alteration to the centre of 
reversing shaft will be necessary. If the cut-offs occur too late 
then more lap and angular advance are requisite. Or, again, if the 
leads be too small, then more advance must be given to the 
eccentrics. A tabular statement exemplifying the action of a 
link-motion is given on p. 156. 

So far we have not considered the effect of angularity of the 
eccentric-rods. When the valve is actuated by a single fixed 
eccentric this angularity produces serious inequality in the cut-offs ; 
but in the link-motion, with ordinary lengths of rods, the point of 
suspension can be so chosen as to prsbctically neutralise the irregu- 
larity arising from this cause. For this reason we have not in 
Fig. 116 made any correction on this account. 

In some drawing offices extreme accuracy as to the cnt-offs is 
insisted upon. This appears to be unnecessary labour when it is 
remembered that, although the gear may be arranged upon the 
model to have equal leads and cut-offs, to ensure the same results 
in working, the valve will probably have to be set with unequal 
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leads ; and the amount of this inequality will depend upon the 
judgment of the valve setter and upon the decision of the person 
appointed to pass the engine from the shops to the running depart- 
ment. If, in the opinion of the examiner, the ** beats are wrong " — 
t.d., the exhausts unequal — the valve will have to be reset, and the 
amount of the alteration will have to be determined in some rough 
empirical way by the valve setter. The cause of this unequal valve 
action is somewhat obscure, but it may be explained by the fact 
that some slight alteration in the centres of the gear and in the 
centres of the cylinder and driving-axle takes place under the load 
or steam-pressure on the piston and appendages. This inequality 
was referred to by Mr. Adams in Engineeringy vol. viii., p. 112, and 
remarked on in Unwin*s Machine Design, part 2, p. 279, 11th edition. 

TABLE XII.— Actios of Link-Motiok. 
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18i 


17 
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124 


11 


A 


AB 


23 


21 


A 


AB 


404 


38i 


i 


tF 


68 


54 


iB 


IF 


704 


66 



Keleaae. 
Percent. 



FP 



BP 



914 


894 


87 


o*5 


79i 


774 


67i 


654 


61 


59 


52i 


51 


65 


634 


774 


744 


86 


83 


91 


87 



Travel of 
Valve. 



3HF 
3|B 
2HB 
2|F 
24F 
24F 
2|B 
21B 
3JF 

3| 



FP=front port ; BP=back port ; F=fully ; B=barely. 



Valve Ellipse. — If a sliding board be attached to that portion of 
the model which represents the piston (fig. 118), so that the board 
receives a horizontal reciprocating motion at the same time that the 
valve is giving a vertical reciprocating motion to a pencil by means 
of the cord and pulley as shown, the pencil will trace an elliptical 
figure — the valve ellipse. By means of such a graphic representa- 
tion the movement of the valve from its central position for a given 
position of the piston can be seen at a glance. 

Centre of Reversing Shaft. — In fig. 114, when the crank is on the 
back dead centre, lay off from the centre of the sliding block in the 
direction of the crank-shaft a distance, A D, equal to the lap and 
lead in mid gear. Through D produce the vertical line D C, and 
arrange the reversing shaft so that this vertical shall divide equally 
the versed sine of the arc described by the travel of the reversing 
arm. This will determine the centre of the reversing shafb. 
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preferring to ^g. 113, the forward eccentric-rod were attached 
to the bottom of the link and the backward rod to the top, we 
ftbould have a crossed eccentric motion with leads diminishing 
instead of increasing as we " linked up." While if the form of 
link shown in fig. 119 were used, the full travel of the valve would 
^ equal to the throw of the eccentric. 




Fig. 119. — Form of Expaiision Link. 

Cfooch'g Valve Gear. — The increase or decrease of lead with 

otcphenson's link motion, according as open or crossed rods are 

nsed, was, and is still, held by some engineers to be a great dis- 

*dTant«^e. Hence the desire for such gear as Gooch's with constant 

lead. In this motion the link is curved to a radius equal to the 

length of the valve-rod and in the reverse direction to the curvature 

in the Stephenson gear, and is suspended by a swinging link. 

fievereal is effected by the movement of the valve-rod. From 

iig. 120, with the crank A on either dead centre, it is evident that 

any movement of the valve-rod B cannot alter the position of the 

valve; consequently, the lead is fixed for all grades of expansion. 

Let a line F C be made equal to the lap and lead, and F D, F G be 

drawn perpendicular thereto and equal to the distance of the 

eccentric centimes from the crank centre line. Then if the latter 

be divided in £ in the same proportion that the block divides 

the link, the movement of the valve will be approximately the 

same as that due to an eccentric K 

The objections to this motion are the increased number of parts, 
and the unfavourable angle of the valve-rod when it is necessary to 
use short rods. 

AUan'B Talve Gear.— With Allan's straight link motion (fig. 121) 
the movement necessary to secure reversal is divided between the 
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valve-rod and the link. With this gear the lead increases slightly 
as we link up. 

Radial Gears. — Increase of the power of locomotives renders it 
necessary to make the crank webs in inside-cylinder locomotives 
very broad, so that room is hardly left for the four eccentric 
sheaves required in link motions. For the same reason the centres 
of the cylinders have to be brought so near together that the valves 
cannot be placed between. Hence the use of radial gears is resorted 
to, which enables the valves to be arranged above or below the 
cylinders in a simple fashion, and dispenses with the necessity for 
some or all of the eccentrics. 

The oldest gear of this description is Hack worth's, shown in 
centre lines in fig. 122. In this A is the crank, and b the centre of 
the eccentric — situated 180** in advance of the crank. The end of 
the eccentric-rod is constrained by the slide, M K, capable of being 
adjusted angularly about the centre, K. Motion is given to the 
valve from the ix>int e, in the eccentric-rod. The position of 
the points K and e must be so chosen that when the crank is on 
either dead centre the distances, eg, gh, are each equal to the 
lap and lead. Evidently for all grades of expansion these distances 
are unaltered — ^that is, the leads are fixed. 

Fig. 123 shows an application of this gear suitable for locomotives, 
hot, 80 far as the writer knows, this has not been applied. 

Another form of radial gear, principally employed in Belgium, 
is illustrated in ^g, 124. This is known as the Walschaert gear. 
In this the valve is worked by a differential or floating lever, A 6, 
vbich at one end is linked to the engine crosshead, and at an 
intermediate point, C, is connected by a rod, D, to a block in the 
reversing link, £. The latter derives a rocking movement about its 
centre from a return crank, F, of which the virtual arm is at right 
angles to the main crank. The rod D is capable of being raised 
or lowered by an arm on the reversing shaft, G, so as to suitably 
Adjust the block in the link for the various grades of expansion or 
for reversing. The point in the lever A B is so chosen that 
when it is kept stationary — as in the '* mid gear " adjustment — the 
▼alve is moved a distance equal to the lap and lead on each side of 
the centre. Since the crank by which the reversing link is rocked 
has its arm at right angles to that of the main crank it can produce 
no effect on the lead, whatever the position of the gear. The 
lead is therefore invariable. This motion has the advantage that 
it permits the slide valves to be placed either above or beneath 
the cylinders without any difficulty. 

Joy's Valve Gear. — Of all radial gears this has been most exten- 
sively applied to locomotives, and it is probably the best radial gear 
known so far. It comprises few parts and gives — theoretically, at 
least ~a faultless distribution. In this gear (fig. 125) motion is 
derived indirectly from a point B in the connecting-rod through the 
interposition of rods B C and C D. The end of the rod, or floating 
Vwer, E G, which is attached to the valve-rod, in one half revolution 

11 
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of the crank from dead centre to dead centre travels through a 
distance equal to twice the lap and lead, in addition to which, owing 
to the vertical movements of the pbints B and E, its centre, G, 
^oves along the curved slide so as to determine the port opening. 
Heveraai is effected by moving the curved slide. Since this move- 
naent does not affect the first-named component of the motion of 
the lever E G, it follows that the leads are fixed. 

Hence the problem to be solved in designing this gear is to choose 
«uch a position of B that (1) the travel of the end of the lever E G 
^il equal twice the lap and lead, and (2) that the vertical vibration 
u *^^ P^i°* Cr along the slide will have the effect of imparting to 
the valve sufficient movement to give the desired port opening. 
^^en Q has reached its highest point in the slide, and com- 
mences to return, both G and F act together to produce a quick 
cnt-oflT The rise and fall of the axle relatively to the engine frame 
under the action of the springs affects the distribution with this 
gear to some extent. The same may be said as to inevitable wear 
iit the joints, mrhich are more numerous in gear of this kind than in 
the ctLse of the link motion. 
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SLIDE VALVES AND VALVE GEAR DETAILS. 

CoNTBins. — Slide Valvw— Proportions of Slide YalyoB, Buckles, aad Spindles 
—Allan or Trick Valyes— Balanced Slide Valvee — Intermediate Valve 
Spindles — Expansion Links — Reversing Shafts — Steam Reversing Gear 
— Eccentric Sueaves — Eccentric Straps and Rods. 

Slide Valves. — The distribution of the steam in the cylinders is 
effected by means of slide valves, which, in the great majority of 
locomotive engines, are unbalanced. Fig. 126 shows the form of 




Fig. 126.— Slide Valve and Buckle. 

valve most commonly used. It is without inside lap, having its ex- 
haust sides flush with the inner edges of the steam ports, and 
evidently the slightest movement of the valve in either direction 
from its central position will place either the back or front steam 
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port in oommanicatioii with the exhaust. On the outside edfi^es 
the Talve overkips the steam ports by an amount equal to the lap 
(outside). By this amount the valve must move from its central 
position before steam can be admitted to the cylinders. 

Proportiinis of Slide Valves, Buckles, and Spmdles.— The width A 

is made equal to the breadth of the steam port pitta the lap of the 

▼alve ; B is made equal to the width of the two bridges, G, and the 

cxhaoBt port^ and the thickness G is made from | in. in small 

▼aWes to I in. in large ones. In order to prevent springing of the 

outside ec^^, a stiff rib, D, should be provided when the length of 

tlie port is 14 ins. or over. The height, E, is often limited to 2^ 

ins. when the valve chest is placed between the cylinders ; when 

not so restricted a usual dimension is 3k ins. The thickness, F, is 

made 1 in. in order to allow for machining when worn, while H 

varies from 1^ to 1^ ins. Part of the face of the cylinder is never 

uncovered by the valve during its travel, and therefore, in order that 

the lubricant used may reach this part, recesses, J, are provided. 

The distance K must not be made greater than the lap of the valve 

in order to ensure that the valve shall travel past the edges of the 

valve face, and so prevent the formation of ridges. Movement is 

communicated to the valve by means of the valve buckle, J^ into 

which the valve is loosely fitted. This permits the valve to lift in 

the erent of any accumulation of pressure in the cylinder barrel, 

due either to excessive compression or the presence of water. Such 

lifting or springing of the valve from its face may prevent the 

bursting of the cylinder ; but the arrangement shown in this figure 

is open to the objection that the full pressure on the back of the 

valve is entirely unbalanced. Since the valve measures 10 ins. by 

17 ins., and the steam pressure is 175 lbs. per sq. in , we have, 

assuming a friction coefficient of |-, the greatest horizontal force 

required to move the valve 

10x17x175x1 ^, ^ 

^ = 2*1 tons. 

2240 

The experiments of Mr. Aspinall (Proc. InsL G,E,) show that, 
with boiler pressures of 140 lbs. and unbalanced valves slightly 
smaller in area than the one shown, the greatest horizontal force 
required to move the ▼alve was 1 ton. Assuming that the valve 
&oe is in good order, our estimate of 2*1 tons appears to be excessive, 
but may be useful in determining the proportions of the valve 
buckle and spindle, L. The best rule we can give is to allow 1 in. 
of diameter to each ton of horizontal pressure. In the case shown 
(fa 2 ins. This is made larger than is necessary, in order to allow 
for turning down at the end of the spindle. For determining 
the thickness, <, and breadth, 6, of the key, and the diameter, cf , of 
the spindle at the key way, we may make net area d'y after deduction 
for key way, =» i area c? = 2-4 6 1, 

Alkfi or Tnck Valves. — These were at one time widely used on 
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locomotives, but they are not now used to any extent. Fig. 127 
shows this form of valve ; the principal feature being the extra 
steam port, A. When the valve has travelled by the amount of its 
lap from the central position and the edge, B, is on the point of 
admitting steam to the cylinders, the edge, a, of the extra port A is 
also on the point of opening to steam. For a given travel of valve, 
therefore, the port openings and leads are doubled as compared with 
those obtained from the form of valve shown in Fig. 126. But in 
locomotives where the leads must be made small in amount a very 
slight error or want of adjustment in the workiog parts of the 
motion affects the distribution very seriously when this form of 
valve is used, and may even destroy the lead of the valve entirely. 




V. 



^;/titi ^. 



/^- pari ^ ^N 




i. 



Fig. 127.— Allan or Trick Valve. 

Balanced Slide Valves. — The problem of removing the pressure 
from the back of the slide valve has long engaged the attention of 
engineers. Piston valves and rectangular or D slides provided on 
the back with packin«^ rings have met with considerable success in 
marine engine practice. It should be noted, however, that in 
marine engines the valves are often of enormous dimensions as 
compared with those of the locomotive, and that marine engineers 
have not to dead — ^as in the case of a locomotive — with the possibility 
of a down draught through the exhaust pipe and from the smoke- 
box. This, when it occurs, carries with it fine smokebox cinders 
which cut the valve faces and play havoc with the packing rings of 
balanced valves. In every locomotive, especially when running at 
high speed with steam shut off, the piston as it recedes leaves a 
vacuum behind it which causes an inrush of the hot gases from the 
smokebox. This inrush may be minimised to a great extent by 
throwing the reversing lever into full gear as soon as steam is shut off. 
But the wear of valve faces is, nevertheless, due in great part to the 
particles of grit thus introduced getting between the valve and its 
face. Balanced valves are peculiarly liable to injuiry from this 
cause, and this, coupled with the fact that the varying travel of the 
valve renders it difficult to keep the packing rings tight, goes far to 
prove that the benefit to be derived from the use of balanced valves 
is small in amount and may not compensate for the extra cost of 
maintenance. Under any circumstances means must be provided 
for destroying as far as possible the back draught set up by the 
piston when steam is shut off. 

Fig. 128 shows a good form of balanced valve with two packing 
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rings used bj Mr. Beattie on the London and South- Western 
Railway as long ago as .1871. These valves were made of hard cast 
iron, and the packing rings were also of cast iron. 

The valve, A, was similar in shape to the old D valve, but was 
arched or circular at the back. It worked ioside a jacket, B, of 
similar form fixed in the steam chest. Steam was admitted behind 
the rings, C, which were grooved so as to reduce the surface in 
contact with the jacket. Many advantages were claimed for these 
valves. The reversing lever, for instance, could be moved quite 
easily with the steam on ; there was less wear and tear than with 
the ordinary valve. There was also a saving both in first cost and 
in maintenance, as they are stated to have lasted six or seven years, 
and a saving in the consumption of fuel. The valves were, how- 
ever, open to the objections that there was difficulty in keeping 
them steam tight in working, and that when an engine was running 
without steam down inclines or in stopping at stations the balanced 
valve, unlike the ordinary valve, was not raised from the working 
face, the engine consequently not running so freely with the steam 
off. 

Fig. 129 shows the form of piston valve used by Mr. Wilson 
Worsdell on the North-Eastem Bailway (Smith's patent). An 
automatic steam and air valve is provided for the purpose of pre- 
venting at any time the formation of a vacuuui. 

The piston heads, A, B, with a tubular distance piece, 0, between 
them, are secured on the spindle, D, by nuts. They are packed 
by packing rings composed of three segments, which are pressed 
radially outwards by springs and by the pressure of the steam 
admitted through openings, E, E^. The piston heads work in ported 
liners, F, F, their action being similar to that of the ordinary 
D valve. 

These valves, in addition to being used for the compound loco- 
motives of the North-Eastem Bailway, are also used for non- 
compound locomotives on the Midland Bailway. 

In America ordinary clack valves have long been used in con- 
junction with piston valves. These clacks are made to open 
inwards into the steam chest, but so long as the steam chest is 
filled with steam the valve is kept on its seat. When steam is 
shut off, if a vacuum is formed, the clack lifts and allows air to 
enter. 

Intermediate Valve Spindles. — Connection between the valve 
spindle and the expansion link is made by means of the inter- 
mediate valve spindle Fig. 130 shows the form used for the 
7 fb. 1 in. expresses on the London and South- Western Bailway. 
Fig. 131 shows a form used for inside-cylinder engines where there 
is not room to get one of such ample proportions as that shown in 
fig. 130. The diameter, c/g* ^ usually made equal to the diameter, dy 
of the valve spindle. The diameter, d^ of the pin is also made equal 
to ef in order to give ample wearing surface. 
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Expansion Links.— Figs. 132 and 133 show the two forms of 
link most commonly used. These are made of Yorkshire iron case- 
hardened. Their breadth is usually made 2^ ins. in large engines ; 
but this depends chiefly upon the ideas of the designer as regards 
wearing surface. As usually made they are too heavy for strength 
only. The link is suspended by brackets, A, fixed by means of 
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Figs. 132, 133. — Forms of Expansion Links. 

coldfrivets. In inside-cylinder engines one bracket only is used, 
as the space is limited. The diameter of the pins in the link 
motion, ample wearing surfaces being required, should be equal to 
the diameter of the yalve spindle. 

Beversing Shafts. — Fig. 134 shows the reversing shaft used for 
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the 7 ft. 1 in. engines of the London and South- Western Bail way, 
already mentioned above. In general, the shaft will have to be 
stronger as the size and power of the engine is increased ; bnt it 
should be noted that the strength of the shaft will decrease as we 
increase the distance between the centres of the bearings, and as 
the distance between the suspending levers. S, is diminished. The 
brackets used for carrying the reversing shaft are also shown in this 
figure. 

Steam Revendng Gear. — ^This gear, shown in fig. 135, is due to 
Mr. J. Stirling. Its object is to relieve the driver of the labour 
of pulling over the link. It is used on the Glasgow and South- 
Western Railway, and on the South-Eastem Railway. It is 
Arranged vertically on the side of the engine, and consists of a 
steam cylinder and a water cylinder or cataract. It does not take 
up much room, and can be used slowly or quickly as the engine- 
driver wishes. 

The steam cylinder is 7 ins. diameter and 9-ins. stroke, and the 
water cylinder is 5 ins. in diameter. There are two handles, as 
shown — one for supplying steam to the steam cylinder by the rod 
^' A," which also regulates the supply of water from one side of the 
piston to the other in the water cylinder, and the other handle 
for working the i*od '*B'* for reversing the forward or backward 
direction of the motion. The resulting movement of the arm on 
the reversing shaft, D — and, consequently, the position of the 
expansion link — is indicated by a pointer in the cab operated 
through the medium of the rod C. The regulation can therefore 
be adjusted with great nicety. 

Eccentric sheaves or pulleys are made in two halves for conveni- 
ence of fixing on the axle. The large part is made of cast iron, 
while the smaller part is often made of wrought iron. By this 
means the pulley is made smaller in diameter than if both parts 
are of cast iron ; but cast-iron sheaves wear better, and are prefer- 
able in every respect. Calling the horizontal force necessary to 
move the valve, F tons (as found before), the area of section in 
square inches at K (fig. 136) should be about 2^ F. The diameter 
of the cottered studJs, L, fixing the two portions of the sheaves 
together, should be 0*6 F; while £, the breadth of the pulley, 
will be 1^ b\ The diameter of the pulley will be equal to twice 
G + r + K = throw of eccentric + radius of axle + K. 

Fig. 137 shows another form of eccentric pulley in which the 
halves of two pulleys are in one casting. No keys are required on 
the crank-axles, as a projection. A, is cast on the pulley, as shown, 
which fits on the web, B, of the crank. This form ot pulley has 
many advantages. 

Eccentric S&aps and Rods. — An example of these is shown in 
fig. 138. The rod is made of wrought iron, and provided with 
a double eye — case-hardened — to take the end of the expansion 
link. The section at P in inches should be about 1^ F, while that 
at E should be equal to F. D is made |- in. less than £ (fig. 136), 
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Fig. 136.— Eccentric SUeaves. 



;. 137.— Eccentric SheAvM. 
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wMIe the diameter of the studs and bolts B and is made equal to 
the diameter of the studs L in fig. 136. The section at A in inches 
should he equal to 3|- F. The strap is generally made of cast iron, 
and is provided with a lubricating arrangement. 




Fig. 138.— Eccentric Strap and Rod. 
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CHAPTER XII. 

framing; BOGIES AND AXLE-TRUCKS; RADIAL AXLE-BOXES. 

Contents. — Framing — Frames for Inside-cylinder Ennnes — ^Frames for Out- 
side-cylinder Engines — Attachment of Boiler to Frame — American Bar 
Frames — Drawbi^, Hooks and Chains — Buffers — Railguards — ^Bo^es 
and Axle-trucks — Adams' Bogie — Stirling's Bogie — American Bogie— 
Bissell or "Pony" Truck — Radial Azle-Mzes. 

Framing. — In the first locomotives the boiler was the foundation 
upon which the engine was erected. The cylinders, axle-bearings, 
and motion were all fastened in some way to the boiler barrel, 
firebox, or smokebox. 

After some years, frames — either inside or outside — were adopted, 
to which the boiler, axle-boxes, and motion were fixed, the cylinders 
being still fixed to the smokebox and boiler, and in one or two 
instances by brackets to the frames. 

The forces due to the pressure of the steam acting on the ends of 
the cylinders and on the axle are considerable, and necessitate the 
provision of a frame to counteract the alternate compressional and 
tensional strains thus set up. The frame acts alternately as a strat 
and as a tie. The earlier locomotives, with the exception of the 
engines built by Bury who adopted inside frames with bearings 
between the wheels, had outside frames, the axle-bearings being 
beyond the wheels. The frame, besides aiding in the conversion of 
the steam pressure into tractive force through the turning of the 
driving-axle, also transmits the tractive force from the axles to the 
draw-gear. 

The frames in Great Britain and Europe are of single rolled plates 
of iron or steel, generally the latter, to which are attach^ the 
cylinders, hornblocks, or guides for the axle-boxes, the cross-stays, 
and the buffer-beams or plates. 

The thickness of the plates is generally 1 in. or 1^ ins.- All 
the plates must be perfectly level and straight throughout. The 
holes should be drilled and rimered to the exact size, and each bolt 
and rivet should be turned to gauge, and fitted into its place so as 
to make a good driving fit. When the frames and cylinders are 
bolted together, and before the boiler, wheels, and axles are put in 
their places, the accuracy of the work must be tested by diagonal, 
transverse, and longitudinal measurement 

On several railways double^that is, both inside and outside-^ 
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frames are used. This is the 
me on the Great Western 
Hailwaj, the Midland Eail- 
▼«y, and Great Northern 
Railway, for the single driv- 
ing-wheels express engines, 
the driving-wheels having 
OQtside beuings. On the 
(^reat Eastern Railway, in 
the express and mixed traffic 
engines, the leading- wheels 
have outside bearings ; and 
on the London and South- 
Western Railway, the mixed 
traffic engines have outside 
bearings on the trailing-axle. 
'Hie general practice is to 
hayeinside mainframe plates 
only, so formed as to connect 
the cylinders and driving- 
axle as directly as possible. 
Frames for Liside-cylinder 
Engines. — In engines with 
inside-cylinders, the side, or 
main frame plates, are placed 
at a distance of, say, 4 ft. If 
ins. apart, and are stayed 
transversely at several 
points. At the leading end 
(fig. 139) is a buffer plate, 

A, of steel, 7 ft. 11 ins. long, 
1 ft. 4 ins. deep, and 1^ ins. 
thick, rivetted to the gusset 
•tays, A', and angle irons on 
the inside and outside of 
the frames. The cylinders, 

B, are accurately planed to 
gauge, and firmly secured to 
the frames, O, by turned 
bolts of l| ins. diameter, 
driven home a tight fit. The 
motion plate is a transverse 
plate, D, situated between 
the cylinders and the driv- 
ing-axle. This was formerly 
of steel plate 1 inch thick, 
ftnd vas attached to the side 
framefl by angle irons on 
^^^ side, the brackets for 
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carrying the slide-bars and valve-rod guides being rive tied to it. 
It is now generally made of the best cast steel, thoroughly annealed, 
^ in. thick, planed to the exact width between the frame plates, and 
secured by ^ in. turned rivets countersunk and rivetted cold. The 
motion plate is properly faced or machined for the attachment of 
the slide-bars and intermediate valve-rod guides. In front of the 
firebox is another stay, E, formed of a steel plate 1 in. thick, and 
of the full depth of the frame. It is attached to the frame by 
angle irons on eacli side. For a tender engine, a cast-iron foot- 
plate, F, is accurately planed and fitted between the frames at the 
trailing end. It is fixed by countersunk bolts of 1 inch diameter, 
and has suitable holes drilled in it for the reception of the draw 
and safety-link pins, G, H. 

For a tank engine there are employed, instead of the cast-iron 
footplate, two stays about 4 ft. apart, each similar to the one in 
front of the firebox. These are connected by a '< box angle-iron," or 
rectangular frame made from angle iron, 3 ins. by 3 ins. by f in. 
This is planed on all four sides, and rivetted to the frame plates and 
to the two cross-stays. The trailing butfer-beam is of the same 
dimensions, and is fixed in the same way, as the leading one before 
mentioned. Some engineers still adhere to the wooden buffer- 
beams, generally of oak 5 or 6 ins. in thickness, and 16 to 18 ins. 
in-depth. 

Frames for Outside-cylinder Engines. — The frame plates of engines 
with outside-cylinders (fig. 140) are placed at a distance of, say, 

3 ft. 11^ ins. apart. At the leading end is a buffer plate, A, of 
steel 7 ft. 11 ins. long, 1 fb. 7| ins. deep, and 1^ ins. thick, which in 
rivetted to the stays. A', A , and angle irons on the inside and 
outside of the frames. In front of, and close to, the cylinders is a 
transverse angle iron, B, welded and squared at the ends. This is 

4 ins. by 4 ins. by ^ in., and is planed to the exact width of, and 
rivetted to, the frames. Behind the cylinders is a steel casting, C, 
between the side frames, with suitable fianges 6 ins. deep, and under- 
neath the cylinders is another strong steel casting, D. Both these 
are planed to the exact width of, and are rivetted to, the frames with 
f in. rivets — pitched zigzag. The bottom casting is provided with 
a large boss, 7^ ins. in diameter, forming the trunnion on which the 
bogie turns and called the bogie centre-pin. Above the cylinders is 
a steel plate, £, 8 ft. 10 ins. long, with a flange 3 ins. deep and | in. 
thick. This plate in part forms the smokebox bottom, and is an 
efficient stay for the front end of the frame. There are also three 
steel plate transverse stays, F, G, H, 1 in. thick, with angle irons 
on each side planed to the exact width and rivetted to the frames. 
One of these is situated about 3 ft. behind the cylinders and is 
made 2 ft. deep ; another is placed about 1 it. 3 ins. in front of the 
driving-axle and has a depth of 9 ins. ; and the third is about 1 ft. 
3 ins. behind the driving-axle and in front of the firebox and is 1 fb. 
10^ ins. deep. At the trailing end is a cast-iron footplate, I, planed 
to the exact width of the frames and fixed thereto by bolts of 1 in. 
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diameter. This casting has suitable holes drilled to receive the 
draw and safety-link pins. 

Attachment of Boiler to Frame. — The boiler is not fastened rigidly 
to the frame plates. At the front end of the boiler the tube plate 
is extended downwards and, in the case of inside-cylinder engines, 
is "bolted to a planed flange at the back of the cylinders. In the 
case of outside-cylinder engines the bottom of the tube plate is 
bolted to an angle iron rivetted to the front longitudinal stay that 
forms the bottom of the smokebox. At the trailing end an angle 
iron is rivetted or fixed by studs to the outside firebox casing plate 
on each side and these rest on other angle irons rivetted to the 
frames. The two angle irons are held together by an expansion 
block with elongated holes which allows the trailing end of the 
boiler to move freely backwards and forwards. If a rigid con- 
nection were employed both the frames and the boiler would be 
very much strained. 

There is sometimes fixed on the back plate of the boiler a bracket 
fitting easily into another bracket on the footplate ; this is to keep 
the boiler steady at the trailing end. 

Iron boilers expand -^ in. to ^ in., and steel boilers ^-^ in. to f in. 
according to length. 

American Bar-frames. — In America the frames are made of 
wrought-iron bars from 3 ins. to 4 ins. square. It is usual to make 
them in two parts securely bolted together. The leading part 
consists of a single bar to which the cylinders are bolted, and the 
trailing part is formed with guides or jaws for the axle-boxes to 
work in and is made up of bars or braces forged and welded together 
as shown in fig. 141. There is a casting disposed between the two 
cylinders which are outside the frame and generally with the valves 
on top, and at the trailing end is a cast-iron footplate. 

Draw-bars, hooks, and Chains. — At the leading and trailing end 
of each engine there is a draw-hook to which is attached a screw 
coupling or link coupling for connecting the locomotive to the train. 
These should be made of the best Yorkshire iron, and should be of 
sufficient strength not only to stand the pull of the train at starting 
but also any sudden jerk that may occur. The draw-bars are made 
of from 2 ins. to 2^ ins. diameter, and are fitted with either steel or 
rubber springs held by a nut between washers at the back of the 
bufier plate. There are two safety chains also fitted at each end of 
the engine as safeguards against accident arising from fracture of 
the draw-hook. 

Between the engine and tender is also fitted a central draw-bar, 
and frequently two side draw-bars or links, with pins through each 
end and the footplates of the engine and tender ; sometimes safety 
chains are substituted for the side draw-bars. 

Boflfers. — All engines have two bufiers at each end, with a 
plunger and casing made either of cast steel, wrought iron, or cast 
iron. The casings are attached to the bufier plate 5 ft. 6 ins. apart, 
and at a height 3 ft. 5 ins. from the rail level. The plunger fits 
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into the casing, and is held in position hj a long 
bolt extending through the plunger and casing, and 
held at the back by a nut Inside the plunger is a 
spring composed either of india-rubber rings, or made 
of steel coiled in a volute or spiral form. When 
the engine strikes a vehicle or buffer-stop, the springs 
are compressed and act as a cushion. 

Bailgaards are made of iron forgings, or iron or 
steel plate, 1 inch thick, bolted solidly to the frames 
or buffer plate. They should clear the rail by about 
1 inch. 

Bogies and Azle-trncks. 

The tread of each tyre is made conical, with the 
small diameter of the cones outside; and in such 
short engines and vehicles as were formerly in use 
this was found to be sufficient to permit of running 
round the curves then employed. 

In this country, and on the Continent, sliding 
axle-boxes for the leading-wheels of engines are used 
as a means of preventing the occurrence of sti*ains 
in running round curves due to the rigidity of the 
frames. The distance between the flanges of the 
axle-boxes for this purpose, as previously men- 
tioned, is made from | in. to f in. wider than the 
homblocks or guides. Sometimes the tops have 
inclined planes meeting at the centre upon which is 
a solid cover supporting the spring-pillar. The 
weight borne then tends to restore the axle-box to 
its central position after displacement. 

The largely increased lengths of wheel-base now 
adopted has led to the introduction of several devices 
for enabling locomotives and vehicles to run round 
carves easily, without strain and with safety. These 
mainly comprise the several kinds of bogies, axle- 
trucks, and radial-axles. 

As to how far it is desirable to keep the wheel- 
base of rolling stock rigid there has been a difference 
of opinion. The construction of a bogie is an addi- 
tional cost; and in the case of locomotives it has 
been considered that increased consumption of fuel 
i&U8t result from the work of pushing a bogie in 
front. Of late years, however, owing to the great 
incraase in the speeds, and in the lengths and sizes 
^nocomotives and carriages, these objections have 
H^ven wajf ^^^ engineers who were at one time 
greatly opposed to the bogie in any form, have been 
^mp^lled to use them both for locomotives, carriages. 
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and &11 rolling stock. In America the advontagea of a flexible 
wheel-base were very soon realised, as it enabled roads to be laid 
through an undeveloped oountrj at a low cost. 



Fig. 142.— Adams' Bogie. 

A Bogie side framea. I E Bearing springa on which bogie 

B St«el casting connecting side framed frame reets through mediom of 

and supporting slide. I brackets, E'. 

C Slide through which posaes bogie , F Cradle or beam resting at ends on 

centre pin on engine main frame. Bzle-boxesand supporting bearing 

D Controlling springB. ! springs bj hangeis at ends. 

Adams' Bogie. — Bogies bnilt on the Bystem adopted bj Mr. Adams 
are used on several English railways, and overcome many of the 
objections found in other types. An example is illustrated in fig. 
142. For the 7 ft. 1 in. and 6 ft. 7 ins. four coupled express engines 
of the London and South -Western Railway, the frame plates. A, 
are of steel, 1 in. thick and 14 ins. deep, and are placed 2 ft. 7J ins. 
apart. The axles and wheels are separated by a distance of 7 ft 
6 ins. from centre to centre. The side frames are firmly secared to 
a steel casling, B, planed to the exact width, by J in. riretB pitched 
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in zig-zag lines. The top of this casting or stay is planed to receive 
the cross slide, O. The latter is planed both at top and bottom, and 
is bored oat for the reception of the bogie pin. The cross slide is 
kept in position by the laminated controlling springs, D, of 2 fb. 
6 ins. span, and consisting of 16 plates 2^ ins. wide and y\ in. thick. 
These springs are provided with stops to prevent them from following 
the bogie slide when not required. On the top of the cross slide 
rests the stay in the main frame, which has already been referred 
to as possessing a boss, forming the 7^ ins. hollow pin or trunnion 
on which the bogie turns, and passing through the slide. The 
bottom surface of this main stay is faced to bear on the top of the 
slide, thus providing a second rubbing surface, permitting rotation 
about the centre, whilst between the slide and the bogie frame stay 
there may occur a transverse sliding motion. 

Through the centre of the casting forming the bogie pin there 
passes a wrought-iron pin of 3 ins. diameter, the purpose of which 
is to prevent the engine and bogie from becoming disconnected. 
This pin is fitted at the bottom end with a. nut and washer. The 
hole in the bogie frame stay through which it passes is elongated to 
allow for the lateral motion of the cross-slide. 

An inverted spring, E, on each side, attached to the frame by 
brackets, E^, transmits the weight to a pair of cradles or beams, F, of 
liest Yorkshire iron, 1^ ins. thick and 6 ins. deep, with cast-iron 
distance pieces at the ends. These distance pieces have a recess on 
the lower face which fits on to projections cast on the top of the 
axle-boxes. This allows ample freedom of movement, and affords 
means for lubricating the bearings. 

The main inverted springs have 14 plates ^ in. thick and 5 ins. 
wide, and have a span of 4 fc. They are coupled to the beams or 
cradles by hooks. The pins through the hooks are of steel, and the 
eyes of the hooks are case-hardened. The brackets, through the 
medium of which the bogie rests on the springs, are forgings secured 
to the bogie frames with 1 in. turned bolts driven in tightly. 

The axle-box guides are of cast steel ; the flanges are planed and 
fixed to the outside of the bogie frames by bolts | in. diameter, 
tomed, and driven tightly into the holes. 

The bogie wheels are of 3 ft. 9f ins. diameter over the tyres. 
The axles and axle-boxes are as described in Chapter viii. 

Oil syphons or lubricators, G, are also provided, with pipes leading 
to the cross-slides and wearing surfaces. 

The use of cast steel has made this bogie very simple, economical, 
and efficient. Lateral and turning movements are both provided 
for, so that the engine can run round curves of the shortest radius 
on any main line railway. 

Stirling's Bogie. — A bogie of somewhat peculiar construction has 
been designed by Mr. James Stirling, of the South-Eastern Railway, 
for his express engines. The frame plates are 1 in. thick, and are 
placed 3 fi. 1} ins. apart. They are stayed by four cross-stays of 
1| ins. diameter. The wheels are 5 ft. 4 ins. apart from centre to 
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centre. The frames are secured firmlv by a strong casting. On 
this rests a centre, through which passes a steel pin 4 ins. in dia- 
meter, round which the bogie swivels. Another pin, 4 ins. diameter, 
is passed through the bogie frame casting, and round this pin to 
right and left the bogie traverses, the movement to either side 
being | in., or a total of 1^ ins. This pin and the centre pin passes 
through a strong arm 12 ins. centres, the centre pin at the same 
time passing through to radiating arms, controlled by india-rubber 
springs arranged diagonally ; these are to keep the bogie in the 
normal position. The retaining bolts or arms are placed at an 
angle to lessen the amount of compression on the india-rubber 
springs for a given lateral movement. 

It will be seen that this bogie both swivels and radiates; it works 
most satisfactorily, the motion being quite easy. To prevent the 
bogie from leaving the road, should the pin break, the cast-iron 
centre projects into the bogie beyond the point of rest. 

American Four-wheeled Bogie. — The main part of the frame of 
the American bogie or truck (fig. 143) consists of a rectangular 
structure, A, composed of bars 1^ ins. to 2 ins. by 3^ ins. to 4 ins., 
welded together. This frame is about 8 ft. 9 ins. long and 3 ft. 
9 ins. wide. The centre piece which carries the engine is attached 
to the frame by transverse bars, B ; and two flat bars, C, 4 ins. by 
1 in. and about 1 ft. 4 ins. apart, run from front to back. The 
centre piece, D, is suspended from the transverse bars by links so 
that it can swing or oscillate transversely. There is generally a 
centre pin passing through and fastened underneath by a cotter to 
prevent the engine from becoming disconnected from the bogie. 
The axle-box guides or pedestals are bolted to the lower surface of 
the rectangular frame. There is a cradle or equalising beam, £, on 
each side of the bogie, the ends of which rest on the top of the axle- 
boxes. Springs, F, on which the frames. A, rest, are attached to 
these cradles by hangers and pins at the ends. The axle journals 
are about the same size as on English engines, but the wheels are 
smaller — about 3 ft. in diameter. 

Bissell or "Pony" Truck.— In America the "pony" or Bissell 
truck is much used for single axles. It consists of two ordinary 
axle-boxes sliding in guides attached to a short triangular frame 
situated with its apex towards the centre of the engine, and secured 
by a pin on the centre line. 

On the goods locomotives of the American " Mogul " type on the 
Great Eastern Railway, pony trucks were fitted similar in design 
to those used on the Pennsylvania Railroad, shown in fig. 144. 
The wheels were 2 ft. 10 ins. in diameter. All the movements due 
to curves and inequalities in the rails were suitably permitted and 
controlled, and derailment was provided against by checks and 
chains which prevented the truck getting away from or athwart 
the engine. The main equalising lever under the leading end was 
a trussed beam, sustaining a load of about 12 tons on the centre. 
The top or compression member was a plain wrought-iron bar 
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Fig. 143.— American Bogie. 
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bearing against eoUd T-heads formed on the loirer or tenaion 
member. The strut was represented by a block of cast iron, 
on which bore case-hardened segments secured hj transverse bolta. 
The top fulcrum block had a bearing against, bnt was not attached 
to, a heavy box casting, which braced the cylinders and frames 



Fig. 144.— BiBWll Truck. 

A Main equali«lng beam resting at | D Fulcrum block on which leading 

front on hanger, B, supporteu by end of engine rests. 

truck cradle, K, and at, rear end , £ Cradle carried on tnwsrerw pUte 

on traoaverae beam, C. | springB, F. 

C Transverse beam supported at ends i q Pin about whioh truck radiates 

on hangers from leading ends of carried by stays, H. 

be^mg springs on driving axle- 1 1 judiu, bars of truck. 

together. The hinder end of the main equalising beam had a bearing 
on a transverse beam taking the leading spring hangers of two 
springs placed above the axle-boxes of the forward driving-wheels. 
The front end of the main beam had a bearing through caae-hardened 
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mbbiog pieces on an eje bolt, the nut of which, by means of » 
opberical wasber, threw the weight on to a hollow cylindrical cast- 
iroD plonger working in a heavy cast-iron guide rigidly attached to 
the maiit frames of the engine. The adjusting screw was used, not 
for lUtering the distribution of weight, bat to level the main 
eqaaJiaing beam after abifting the fulcrum. Tlie plunger, guided 
Tertic^ly, had a bearing on an india-rubber pod lying in a cast-iron 
CTftdle, to which were firmly bolted two transverse plate springs. 
The T-beaded links of these bad a bearing on a wrougbt-iron frame 
which rigidly connected the two axle-boxes together. 

The pony truck radiates from a pin fixed to two horizontal plate 
stays between the main frames in front of the leading driving-axle- 



Fig. IW.— Webb'B Radul AzU-boi. 

The raditu bars are secured to the pony truck by vertical bolts and 
are boahed with steel, and supported by india-rubber, springs. The 
aide play is controlled by the T-beaded links which tend to keep 
the yony truck straight. 

Sboald, however, one of the two pins in the T-headed links 
be free when the engine is on the strMght the whole weight 
comes on tbe other pin, and, therefore, presses tlie pony truck 
to one side. This is an effect which does not occur in the four- 
wheeled bogie with side control springs. 
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Radial Axle-boxes. — The radial axle-box is nsed on the Londoa 
and North-Western Railwaj, the Great Eastern Railway, the North- 
Extern B&ilwft;^, and the London and Sonth-Westem Railmy. 

On the London and North-Western Bailway the express engines 
built hj Mr. Webb are fitted with radial azle-bozea at the leading 
end (fig. 145) and the tank engines have them fitted to both the 
leading and trailing ends. The axle-box is of cast iron and extends 
across the whole width of the engine frame between two curved 
guides. These are made of flanged steel plates ^ in. thick, and are 
bolted to the main frames of the engine. Brasses for the two 
journals are fitted at the ends of the cast-iron axle-box. Under the 
axle and within a frame attached to the curved gaides are two spiral 



Fig. 146.— Woradeira Radial Axlo-boi. 

springs 3^ ins. outside diameter which are coiled right and led 
round a rod 1^ in. dinmeter attached to the axle-box. As the axle- 
box slides laterally in the |);uides the spring on one side or the other 
is compressed. The movement of the box in either direction is 
limited to 1| ins. 

The radial axle-boxes designed by Mr, T. W. Worsdeil (fig. 146) 
and used on the Great Eastern and North-Eastem Railways have 
stays, fitted to the guides, which carry an elliptical check-spring of 
four plates on each side. This acta very well and with perfect 
freedom. The spring is compressed against projections on the stay 
carrying it by pins attached to the axle-box and bearing against the 
buckle. The trailing springs through which the weight is trans- 
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Fig. 147.— Centres for Radial Axle-box. 
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tnitted to the axle-box have pins under the buckles which rest on 
a case-hardened table which slides on the top of the box. 

Among the many objections to the use of the radial axle-box is 
the circumstance that it adds to the weight not carried bj springs. 
But during the last few years nearly all the principal railways in 
Ens^land have had locomotives built with these axle-boxes. 

Baldry's rule for finding the centre from which to strike the 
curve of a radial axle-box is as follows : — 



* = ^(a-|^ 



Where, as indicated in dg. 147, a? = radius of the radial axle-box, 
a s distance in feet between centres of trailing- and radial-axlea 
plti8 ^ that between centres of trailing- and driving-axles, and 
6 = id, the distance in feet between the driving and trailing coupled 
wheels. 

Take, as an example, one of the radial bogie tank engine^ of the 
London and South- Western Railway. The distance between the 
centres of the driving and trailing coupled wheels is 8 ft. 6 ins., and 
that between the centres of the trailing- and radial-axles is 7 ft. 6 ins. 

Hence, a; = J 1 11 -75 - ^^^^ I = 5-1064 ft.— say, 5 ft. 1 in. 

The point, c, from which to strike the curve of a radial axle-box, 
according to the above rule, may be found geometrically by the 
method shown in fig. 147. The distance, 6, is set ofi* at right angles 
to a, and the hypothenuse is bisected by a perpendicular cutting 
ofi* a portion of the base equal to the required radius. The correct- 
ness of the result is exhibited in the diagrammatic plan at the lower 
part of the figure. The tangent to the curve ot the axle-box at the 
point A — that is, the direction of the axle when its centre reaches 
this point — is seen to meet the centre line of the rigid wheel-base at 
a point which is the centre of the circular arc passing through 
A B C — that is, of the curved path which is being traversed. 
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CHAPTER XIII. 

BOILERS. 

Contents. — General Construction and Design — The Use of Steel in Boiler 
Gonstraction— Specification of Boiler Flate — ^Outside Firebox Shells — 
Boiler Barrel — Strength of Boiler Barrels — Internal Firebox — Staying of 
Back Plate and Smokebox Tube Plate — ^Fastening between Firebox Tube 
Plate and Barrel — Firebox Stay8---Staying Roof of Firebox — Rivettine — 
Tubes — ^E[ydraulic Testing of Boilers — ^French Type of Boiler with Two 
Barrela — Uleading. 

General Cciistniction and Design. — Though the locomotive boiler 
has not changed very much in appearance, it has of late years 
undergone great improvement, both in design and in the method 
of construction. The hoiler of the present day has an inside firebox 
of rectangular section — both horizontally and vertically — the out- 
side box or shell being similar in shape, except that the top is 
nearly always semi-circular. The barrel is cylindrical, with tubes 
extending from the firebox to the smokebox or front tube plate. 
The general practice is to use mild steel of boiler plate quality for 
the shell plates, although plates of best Yorkshire iron quality are 
still largely used The firebox — or, as it is more generally called, 
the inside firebox — is of copper; although steel has occasionally 
been tried, with only fair results in Great Britain. 

There are many points to consider in designing a locomotive 
boiler, as space and weight - particularly are limited. The weight 
has to be distributed in such a way that one pair of wheels does not 
carry more than a certain limited weight, few locomotives running 
having more than 19 tons on any one pair of wheels. 

The next point for consideration is the construction and loading 
gauge for the particular railway for which the locomotive is 
required. The width seldom exceeds 9 ft. 6 ins. ; the top of the 
chimney and cab must not be more than 13 ft. 6 ins. above the rail 
level; and the total length of the boiler must be such that the 
wheel base may be adapted for travelling round the sharpest curves 
on the line for which it is specially designed. 

The design, workmanship, and material of a locomotive boiler 
most be of the very best ; and allowance must be made over all 
rales of safety for wear and tear, which are very great owing to 
the peculiar conditions under which a locomotive boiler has to 
work. 

13 
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In designing a boiler for a locomotive it is first necessary to know 
the size of the cylinders, and then the amount of heating surface 
and grate area necessary to supply steam uniformly and economi- 
cally can be decided. In British practice, however, these relations 
are frequently neglected. The dimensions of the engine cylinders 
are first determined by the process described in Chapter iv., p. 84. 
Knowing the size of the cylinders, the heating surface should be 
determined ; and from these particulars the boiler can be designed. 
The relation of heating surface to cylinder capacity is discussed on 
p. 87. It is difficult to establish a fixed ratio of grate area to 
cylinder capacity. A proportion sometimes recommended is 1 sq. 
in. of grate area to 4 cubic ins. of cylinder capacity. 

The following are some examples of modern practice in English 
and American locomotives :~ 



TABLE XIII. — Grate Area and Cylinder Capacity. 









Ratio. 


Designation of Locomotive. 


Cylinder cap- 
acity. 


Grate area. 


London and Soath- Western Railway, 

>» f» If 
Great Eastern Railway, .... 

North-KaRtem ,, 

Great Northern „ .... 

Baldwin Looomotives, . ' . 

9» »» ... 

Pennsylvania Railway, . 






Cub. ins. 
3 5 
3^ 
4-72 
5 

5-674 
2-68 
4 

3-55 
1 


Sq. ins. 

1 

1 
« 

1 
1 



From these particulars it will be seen that there is no uniformity 
in the construction of recent locomotive boilers. Each country 
follows its own custom, and each engineer adheres to his habits. 
Slow changes are, nevertheless, taking place. Thus the use of 
mild steel has a tendency to become general in the conatruction of 
locomotive boilers ; ri vetting by means f hydraulic machines has 
come practically into general use ; but, on the European continent, 
copper still continues to be used for fireboxes, contrary to the 
practice in the United States and Canada, where steel only is em- 
ployed ; iron and steel tubes also are being substituted for brass 
tubes. 

Fig. 148 is a vertical section of a locomotive boiler, and fig. 149 is 
a plan, partly in section, of the same. A is the firebox, B is the 
barrel, C, C the tubes — one at the top and one at the bottom only 
being shown — connecting the firebox, A, and the smokebox, D. 
E is the dome, F the foundation ring between the inside and outside 
fireboxes, G the fi rehole ring, and J the roof bars. From this a 
general idea can be obtained of the outline of a boiler. 
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Tbe barrel of this boiler Ib composed of two plates with butt joint, 
«ad solid rolled steel ring shrunk on and double riTetted, as shown 




Fig. 152. Fig. 151. 

Details of Rivetted Joints ii 



Locomotive Boilers. 



in fig. 150. The back plate of the out«r firebox shell is Banged 
and double rivetted, as ahown in fig. 151, to the wrapper or top 



Fig. IH. 

Details of Rivetted Joints ii 



Fig. ISO. 
Locomotive Boilers. 



plst« in the outer firebox shell. Thia plate is in one piece, and is 
double rivetted to the first length of barrel plate (fig. 152), and to 
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the throat plate, which is also flanged and double rivetted to the 
barrel plate, aa seen in fig. Ifi3. The front or emolEebox tube plate 
18 flanged and rivetted to a solid rolled steel angle ring, shruak on 
and rivetted to the second length of barrel plate. This joint is 




Fig. 165.— Belpaire Type of Firebox. 

shown in detail in fig. 154. The roof bars are of oast steel girder 
section attached to the roof of the inside firebox bj screwed bolts, 
and hung from the roof of the outside firebox by sling stays, K K, 
fig. 148, attached to angle irons. 
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There are two usaal ways of arranging the tube holes in the tube 
plates ; one is to dispose them in vertical rows, as shown in fig. 155; 
and tbe' other in horizontal rows, as shown in hg. 156. Some 
eogineers prefer the former on tlie ground that the water can circu- 
late much better; others prefer the latter as more tubes can be 




Fig 156.— Smokebox Tube Plate. 

•"*»ged for, thus giving more heating surface. The prevailing' 
tendeQcy is to get as many tubes as possible into a boiler, and by 
to doing to give rise to continual trouble through the boilers be- 
coming choked with dirt, particularly on lines where the water is 
^^ Another evil result from crowding the tube holes too close 
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together, and too close to the flange of the firebox tube plate, is the 
frequent cracking of the tube plates, some boilers requiring either 
half tube plates or new tube plates every year, or, at the least, onoe 
in two years. The spaces between the tubes should never be less 
than f inch. 

The Use of Steel in Boiler Gonstmction. — The use of steel in the 
construction of locomotive boilers is being developed at the ])resent 
time more and more. The principal reason that steel did not 
become generally used sooner, and that the first experiments, 
several years ago, did not always give good results, is that the 
metal used in the construction of boilers did not possess the 
necessary qualifications of good boiler plate. A metal of too hard 
a quality and not sufficiently ductile, which could not be properly 
worked, was employed. 

Steel plates were formerly objected to on account of their want 
of homogeneity ; not only did the quality of plates vary one from 
another, but there was also a difierence in various parts of the same 
plate. These difficulties have now disappeared; we can obtain 
steel plates perfectly homogeneous. 

Tiie steel employed at the present time in the construction of 
boilers is a soft homogeneous metal somewhat similar to iron, 
bearing the name of ingot iron or mild steel. Its tensile strength 
is, on an average, 26 tons per square inch, with an elongation of 
25 per cent, in 8 inches, or a resistance of about 18 per cent greater 
than that of iron, with double the elongation. 

This steel is preferably made by the Siemens-Martin process, the 
furnaces in this case having a basic lining and the result being 
more certain than with the Bes*;emer process. Numerous experi- 
ments and much discussion amongst engineers and naval constructors 
in England, appear to show that mild steel suitable for boilers is 
obtained from ingots produced by the Sietn ens- Martin basic process 
even when the ingredients contain phosphorus and are not rela- 
tively of good quality. 

This metal cannot be tempered, but can be welded. It contains 
a maximum quantity of 15 per cent, carbon, and a minimum of 
10 per cent. ; it also contains a small quantity of manganese, which, 
in very small quantities, does no harm, but rather improves the 
quality of the steel. The proportions of sulphur, silica, and phos- 
]»horus in mild steel for boilers should be very small, as these are 
dangerous for plates exposed to the fire. This metal is of a more 
homogeneous texture than iron, on account of its mode of manu- 
facture ; iron having a fibrous texture and being occasionally 
laminated. Steel has the great advantage over iron of being 
equally strong length-wise and cross-wise. 

A second consideration that retarded the use of steel was the 
occurrence of accidents to steel plates in the working of them in 
forming them for the boiler. Numerous cracks were produced in 
these operations ; due, in the first instance, to the hardness of the 
metal ; and, secondly, because it had been treated in the same way 
as iron. 
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Steel requires to be dealt with in a special manner, and the 
working of it ought to be effected according to certain essential 
rules, which have been learned only by experiment and by enquiry 
into the different circumstances which had given rise to defects. 

The molecular condition of a steel plate is modified when con- 
siderable pressures are put upon it, either in a cold state or at 
ft cherry-red heat, with the object of producing a change of form 
^nd imparting- to it the actual shape desired. A kind of crushing 
effect takes place similar to that produced by hammering a plate. 
The resistance of the metal increases, but its ductility diminishes ; 
ftnd the plate, under these conditions, becomes brittle and liable to 
*^^ka A new molecular condition, indeed, is produced, quite 
different from the first, which can only be restored by annealing. 
It is, therefore, necessary when an important change of form is 
■'^quired to be made in a steel plate to heat it above a cherry-red, 
^d then, after flanging, to anneal it and leave it to cool slowly, 
^der these conditions all fear of fractures after flanging is removed, 
^nenthe flanging cannot be done by the hydraulic press — that is 
^ say, rapidly and at a high temperature — it is necessary to proceed 
M successive heats ; and the work of flanging should be stopped 
when the plates come to a blue heat, otherwise cracks may appear 
^r cooling. It is upon these principles that the back and saddle 
or throat plates of the outside firebox are worked, as well as tliose 
otiier parts of the boiler that have to undergo considerable change 
orforn). 

"^^0 plates forming the boiler barrel and the wrapper plates or 
r^' of the external firebox are usually bent cold to the proper 



^^ IS also essential to use curves of as large a radius as possible 

'^^.^pging the saddle or throat plate, and the back plate of the 

^|de firebox where it unites with the wrapper plate, in order to 

it ^'^^qual tension on the metal. As to the cost of steel plates, 

J- "^*y be said that, compared with iron plates of best Yorkshire 

pj Quality, it is only about one half, 
m tfc^J^* before being used in the manufacture of boilers are sub- 
thev^ to different tests for the purpose of ascertaining whether 

Z ^^Ifil certain conditions. 
Jq P^^ Use of steel plates, as before remarked, is becoming general 
g^^^S^and in the construction of locomotive boilers. In the United 
|j!|l* ^nd in Canada steel is exclusively used. In France steel 
fij]^^ plates are employed by Uiree or four of the most important 
ij^^^y^ while the rest continue to use iron. In Hussia the 
ibr f ^^ seem to prefer iron plates for the construction of boilers 
^jxi ^^t* of serious accidents, which they consider mixht happen 
niBv ^^^^ plates in consequence of the severe cold in winter. We 
l,y v,'^inark, however, that this fear does not appear to be shared 
^jj^Uadian engineers, who use steel exclusively for boilers, in a 
the *^ where the winters are very severe. The temperature at 
fAi t^*^<^lel where the Canadian Pacific Railway runs sometimes 

"* *8 low as 40' C. 
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Specification of Boiler Plate. — Tbe material used for a locomotive 
boiler should possess great strength combined with the more essen^ 
tial quality of ductility. The greater the product obtained by 
multiplying together the numbers respectively denoting the strength 
and the ductility — which properly represents the work that tlie 
metal can furnish by variation of form without breaking — the more 
the boiler will be capable of resisting the various strains to i^hich 
it is subjected under the various conditions of working. 

The iron plates employed in boilers — generally of " best Yorkshire 
iron " — have a tensile strength of not less than 21 tons nor more 
than 24 tons per square inch, and are required to undergo an 
extension of not less than 10 per cent, in 10 inches ; while a piece 
must be capable of being bent cold through an angle of 160' without 
showing any signs of failure at the heel of the bend. The steel 
plates now so much used in the constructiou of boilers have a 
tensile strength varying between 25 tons to 29 tons per square inch, 
with an elongation of 25 per cent, in 8 inches. The following is a 
very good specification for mild steel boiler plates : — 



SPECIFICATION FOR STEEL BOILER PLATES. 

The plates to be made of the best mild steel and of the exact dimensions, 
both as regards form and thickness, as ^ven on the drawings or lists supplied. 

Quality. — The quality of the material to be that generally known as mild 
steel plate, and to be free from silicon, sulp]iur, or phosphorus. The ultimate 
tensile strain that the plates will stand to be not less than 25 nor more than 
«30 tons per square inch, and to have an extension of not less than 23 per cent, 
in 10 ins. Every plate to be tested. 

Manufaeture. — All plates to be made in the most approved manner from 
ingots hammered on all sides, and when re-heated to be rolled truly to a 
uniform thickness. Both sides to be perfectly clean and free from pitting, 
roll-marks, scale, dirt, over-lappine, or other defects. E^h plate to to taken 
from the rolls at a full red heat and allowed to cool gradually on a flat surface. 
Each plate is to be sheared to the dimensions given, and in no case to be sent 
out before beins levelled sufficiently true for machining. All plates that are 
wavy or buckled, or in any way defective, will be rejected, and must be re- 
placed by the makers free of cost. The maker's name and date of manufacture 
must be legibly stamped on every plate and not nearer the edges than 9 ins. 

A sample or test plate at least 2 ft. square must be sent in by the contractor 
as a sample of what will be supplied in the plates to be made under this con- 
tract together with a complete analysis of the same. This test plate is to be 
i in. in thickness, and from it pieces will be taken for proving in the following 
manner. 

Test. — A piece 6 ins. long will be bent over cold until the ends meet each 
other closely, and no fracture or si^ of failure is to be observable in the heel 
of the bend. Pieces 3 ins. wide will also be taken and a {-in. hole punched 
through same, which shall stand being drifted cold by taper drifts until it 
reaches 1^ ins. in diameter without the edges fraying or showing signs of 
fracture. 

Samples or shearings from the plates must be tested in the presence of the 
company's locomotive superintendent or his inspector, on the premises of the 
contractor, whenever desired. 

Any question arising must be referred to the locomotive superintendent, 
whose opinion and decision are to be taken as final and binding. 
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Ontaide Firebox Shells. — In Great Britain the outside casings of 
fireboxes are generally of the Ci-ampton type — t.c., they are iornied 
by the prolonging of the boiler barrel, as shown in fig. 148. The 
fireboxes being always deep, the lower portion of this casing is 
made narrow enough transversely to be placed between the engine 
fnunes as seen in fig. 157. As a rule a single wrapper plate forms 
the sides and crown, and to it the back and throat plates are 
flanged. The throat plate is also flanged to the boiler barrel. 
These plates are generally single rivet ted, but owing to the recent 
increased pressures employed, they are, on one or two of the rail- 
ways, double ri vetted. This is a great improvement, not only on 
account of strength, but also because it altogether does away with 
aoy leaking. 

In Pranc<', and other parts of the European continent, where 
there is a tf'ndency to use firegrates of large area, and shallow fire- 
boxes, uniformity of practice is not so great. Some of the outside 
firel:oxes are of the Crampton type, some of the Belpaire type, and 
some with the cylindricud crown raised above the barrel of the 
boiler. In all the locomotives with the Belpaire type of firebox 
(fig. 155) the sides of the wrapper plate are connected together 
above the firebox by means of iron stays. 

American engineers generally use firegrates of large area and 
shallow fireboxes, and they continue, except in some special cases, 
to design their boilers on the wagon top principle, which consists 
in uniting the wrapper plate of the outside firebox to the barrel of 
the boiler by means of a conically flanged saddle plate. This 
permits the super-elevating of the crown of the outside firebox, by 
which the steam space above the firebox is increased. At the lower 
part the firebox is made narrow transversely so as to pass between 
the engine frames. 

We also find some examples of boilers with fireboxes of the 
Crampton type, also some examples of the Belpaire type — notably 
upon' some express engines on the Pennsylvania Bailway. 
Generally the outside firebox is made with two plates forming the 
sides, united by a plate forming the crown. This system has 
ftdrantages — particularly in repair — as the wrapper plate need not, 
M when made in one piece, be cross cut when new sides are required. 

Boiler BarreL — In Great Britain the internal diameter of the 
boiler barrel is generally 4 ft. 2 ins. ; this has been increased to 
^h,Z ins. in the locomotives of the London and South-Western 
Railway; in the compound locomotives, with single driving-wheels, 
of the North-Eastem Railway ; in the compound goods locomotives 
of the Great Eastern Railway ; and those of the Caledonian Rail- 
^^y. The boilers of some express locomotives of the London and 
Sooth- Western Railway, built some years ago, are 4 ft. 5 ins. in 
internal diameter. The tubes are short compared with the lengths 
adopted in Continental and American practice. The majority of 
the boilers are, however, formed of three lengths of barrel plates ; 
but the new locomotives of the London and South-Western Railway 
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Fig. 157.— Firebox. 
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(fig. 148), tliow of the LondoD, Cbfttham, and Dorer Bailway, and 
thoM of the CaledoniaD Railway are coiistracted with two lengtha 
of barrel platen only. 

The boiler barrel is sometimes arranged in telescopic form, tb& 
largest diameter being adjacent to the firebox. la one or two types 
of Continental locomotives this arrangement has been modified by 
the placing of the lai^est diameter in front next t!ie smokebox. 
It is claimed that in this way the capacity of the boiler is consider- 
ably iocreaied. Other engineers, where the barrel is made in three 
lengths, make the front and back lengths of the same diameter, 
with a larger or smaller diameter to the middle length. Again, 
other engineers, in order to avoid projections in the bsrrel on 
account of tJie difference in diameter, give the several lengths the 
tame diameter, connecting them by means of butt rings fixed 
exlemally (fig. 148), and even internally and externally, some of 
thete being single and some double rivetted. The several lengtha 
of boiler barrel when secnred together by means of lap joints, are 
generally single rivetted, though in some instances here also double 
rivetting is used. 

The longitudinal seams of the boiler barrel are generally arranged 
to sa to place them above the water level of the boiler, in order to 
SToid the coTTOeion which often occurs at the joints of the plates. 
These longitudinal seams are made in 
two ways, either by a lap joint, or by 
bnct Rtraps inside and outside. This 
latter arrangement has been adopted to 
> great extent, particularly in Oreab 
Britain. It has the advantage of ensur- 
ing that the boiler barrel shall be per- 
fectly cylindrical throughout its entire 
length, thns avoiding oblique strains on 
the riveta. 

Another method adopted consists in 
using a double butt strip and four rows 
of rivets. On the Continent and in 
the United States the same method is 
employed ; but the rivets in the outer • ' 
raws are then arranged further apart 
than in the inner row, so as to diminish 
M little as possible the resistance of the 
plates. Also, since the central rows of 
rivets alone take the external butc 
Uripn, this arrangement of the rivets 
permita of access beiitg obtained for the 
Ctolkii^t of the external joints j^-^^ betw^n sLm Dom« 

Thedome is generally attached to the ^^^^ Boilor Barret, 

boiler barrel by means of a flanged 

b«M rivetted to it in the manner shown in fig. 158. The hole- 
tommnnicating with the boiler is reduced to the dimension a 
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necensary for the passage of a man, and an internal strip ri vetted to 
the plate compensates for the weakness produced by this opening. 
On one of the American railways the barrel plate is flanged upwards 
around the dome hole, and the dome is secured by rivetting to the 
flange in question. 

Strength of Boiler Barrels.— By the ordinary rules for the strength 
of thin cylinders, we have : — 

P Dp for the load on a strip of boiler barrel of width p 

and PD;? = 2/< (p-c?) for the tearing strength of the 

plates in both single and double 
ri vetted joints. f= safe working 
tensional strength of plates. 

= 4'/2 '7^5/ the shearing strength of rivets in 

double rivetted lap joints ; here 

Single shear, ^ -^^ = f^^ . T^^'l^'^g Bhearing 

^ * * strength of nvets. 

= 2/i- '7S5f for the shearing strength of rivets 

in single rivetted lap joints. 

= icP '7S5/ \ '75 for the shearing strength of rivets 

in double rivetted joints toiih 

Double shear < . *****^ ^^ owtewfe butt strips. 

' J = 2c£2 '785/ 1 -75 for the shearing strength of rivets 

in single rivetted joints taith 

inside and outside butt strips. 



I 



In the foregoing 

P = boiler pressure in lbs. per square inch. 

D = internal boiler diameter. 

p — pitch or distance between the rivet centres parallel 

to the edge of the plate. 
(/ = rivet diameter after rivetting. 
/= stress. 
t = thickness of plates. 

In a common form of double-ri vetted joint (fig. 154) for A^ in. 
steel plates with iron rivets of ^ in. diameter and double-butt 
strips, the pitch of the rivet is 2f ins., the distance between the 
pitch lines and between these and the edges of the plate is 1} ins., 
and the slant distance between the rivet centres is I|- ins. This 
Joint is for a barrel with an internal diameter of 52 ins. and a steam 
pressure of 175 lbs. per square inch. In this case 

. FV>p 52x175x23 , ^^„ 

^^2i(v'-^^^^^^l,C^^-~lT^ = ^^^'^^J ^^«- ^^5 ^o'^s (nearly) 
^t{p a) - X 3-^ X ^^ I - -J y) ^^j. ^^^ 1^^ stress. 
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If the breaking strength of the plates is 28 tons, 

28 
thea --• = 5*6 factor of safety, 

P D « 

an<i /= . K> ^oe , ^> = 7000 lbs. or 3-5 tons (nearly). 
•^ 4<i« -785x1 75 ^ ^^ 

If the breaking strength of iron rivets be taken at 20 tons, 

20 ^ 

then — = 5 '7 factor of safety. 

In locomotive boilers the workmanship is good, whilst the in- 
spection is, or ought to be, moat strict. The close pitch of rivets, 
rendered necessary by the high steam pressure, reduces, however, 
the strength of the joint considerably. With the high pressures 
now in use it is of course desirable to reduce the pitch of rivets as 
much as possible in order to ensure steam tightness and to reduce 
caalking ; but the values of the stress as determined above should 
not be exceeded. 

These formula give the safe working stress on the metal at the 
moment when the boiler leaves the works new, and takes no 
account of the probable diminution in the thickness of the boiler 
plate dae to corrosion and causes tending to the wasting of the 
plate. 

This ought to be allowed for in the calculation; and a fair 
estimate is to supi)Ose one-sixteenth of an inch diminution in the 
thickness of the plate due to the circumstances indicated. The 
fomula would then be as follows : — 

P = safe working load = — ^ ^ x coefficient. 

Where the coefficient depends upon the form of rivetted joint 
employed, and the value of / depends on the kind and quality of 
the material used. 

Internal Firebox. — This nearly always has the form of a parallel- 
opiped and, as before remarked, is, on the European Continent, 
usnally made of copper. The two sides and crown are generally 
made of a single plate (fig. 157) except in the case of certain engines 
with large grates of the Belpaire type, where the crown is formed 
by a single plate rivetted to the plates forming the sides. The 
thickness of the firebox plates varies between \ in. and f in. The 
thickness of the firebox tube plate varies between \ in. and 1 in. 
Experiment has proved that it is an advantage to have the fire- 
box tube plate as thin as possible. This is a point which is 
frequently overlooked, the plates being sometimes made excessively 
thick with a view to compensating for the weakness due to the holes 
drilled in them. When this is the case great trouble is experienced 
throagh the tubes leaking. 
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The tube and back plate are flanged and are secured to the wrapper 
plate forming the crown and sides by lap joints, single riveUed. 
The rivets are generally of iron, but a few railways use steel, and 
one or two use copper, rivets*. The rivet holes are drilled, and the 
diameter varies between ^^ in. and 1 in., with a pitch of from 1|- ins. 
to 2f ins. There appears at the present time to be great difficulty 
in getting copfier suitable for locomotive fireboxes ; the material at 
present supplied being too soft and, perhaps, too pure owing to the 
demand of the electrician for pure copper and to some consulting 
engineers specifying the copper ordered by them to be almost pure — 
viz., 99*5 per cent, of copper. To obtain this result almost all the 
arsenic has to be eliminated, with the result that while the copper 
may be toughened it is also very much softened. There is not the 
least donbt that fireboxes made from copper manufactured fifteen 
and twenty years ago are in better condition than fireboxes made 
from copper manufactured only four or five years ago. The diffi- 
culty for the engineer is to specify what is actually required. 
Below are given the results of a few tests — taken from a great 
number — made to enable a satisfactory decision on this point to be 
arrived at. But a perfectly satisfactory conclusion was found 
difficult to obtain. If copper containing from 0*3 per cent, to 0*5 
per cent, of arsenic were used for fireboxes it would no doubt be 
found to add considerably to their life as compared with the life of 
fireboxes made from a purer and necessarily softer quality of copper. 
Some fireboxes have been made with the amounts of arsenic above 
mentioned, but what exactly is the best hardening ingredient to 
add to copper so as to reduce corrosion and abrasion to a minimum 
has yet to be determined. 

TABLE XIV.— Tests of Copper Plates taken from 

Worn-out Fireboxes. 



Breaking Strain. 
Tom per sq. in. 


Extension. 
Per cent, 
in 2 ins. 


Arsenic. 
Per cent. 


1 

Mileage. 

1 
1 


1417 


45-0 


•184 


369-208 


14-48 


50-0 


•133 


262-437 


13-75 


58-0 


•726 


396-210 


14-34 


51-0 


•347 


160-807 


13-76 


46-0 


•026 


368-134 


14-49 


36-0 


•030 


369-208 



The following is a typical specification for copper firebox plates : — 

SPECIFICATION OF COPPER FIREBOX PLATES. 

The copper is to be of the very best quality manufactured, and of the exact 
dimensions, both as regards form and thickness, as given on the drawings or 
lists supplied. 
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The copper plates are to be properly annealed, and a piece taken from each 
plate most stand the foUowing tests, viz. : — 

Hie ultimate tensile strain to be not less than 14 tons per square inch, with 
an elongation of not less than 40 per cent, in 2 ins. 

A piece 6 ins. lonff is also to be bent double when cold, without showing 
signs of fracture at the heel of the bend« 

Any question arising must be referred to the locomotive superintendent, 
whose opinion and decision are to be taken as final and binding. 

The exclusive use of steel for fireboxes by American engineers 
has already been adverted to. It is mild steel having (as before 
stated) a tensile strain of from 22*5 to 28'5 tons per square inch, 
with an extension of not less than 25 per cent, in 8 ins. The sides 
and crown are always formed of separate plates rivetted together. 
The steel plates are always thin, the thickness varying from ^V ^^* 
and J in. for flanged plates and ^ in. to yy in. for the sides. The 
tube plate is ^ in. thick, and the flanged comers are made with 
as lai^e a radius as possible. 

American engineers prefer steel fireboxes; firstly, because, by 
employing the same metal for both the inside and outside fireboxes, 
the difference in the expansion of two dififerent metals is avoided ; 
and secondly, because by the same means galvanic action and, con- 
sequently, corrosion of the plates is prevented. 

In addition to these advantages, the thinness of the plates faci- 
litates the transmission of heat through to the water, and the 
plates yield easily between the stays, and without rupture, to the 
inevitable difiference of expansion due to the high temperature of 
the firebox. 

Again, they state that the weight of the firebox is less and the 
price much below that of a copper firebox. It is only after having 
experimented successively with copper and iron that American 
engineers have arrived at using steel exclusively for locomotive 
fireboxes. 

Experiments have been made for some time past in Europe with 
the object of using steel for fireboxes, but the experiments have 
been far from faTourable compared with the good results obtained 
in the United States. Among these have been those made upon 
the Great Southern and Western Railway of Irelaad with English 
and American steel plates, on the North London Railway, the 
Great Eastern Railway, and on the London and North-Western 
BaUway, and those made in France by the Compagnie de Nord. 
We may say that these different trials have, with one or two excep- 
tions, tended to the abandonment of steel for fireboxes in Europe. 

It is difficult to believe at the present time that these bad results 
conld arise from the quality of the plates being inferior to that of 
American plates, since the Canadian Pacific Company, which uses 
steel fireboxes alone, imported its steel plates from Scotland ; and 
the plates fulfilled all the necessary conditions. The difficulty may 
have arisen from the fact that at the time the trials were made, 
steel of too hard a quality and not sufficiently homogeneous was 
used, and possibly plates of too great a thickness, contrary to 

14 
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AmericftQ practice. Ferbapa also the stays vhich tie tbe firebox 
to the outer shell were placed too close to^^tberand did not piermit 
of sufficient expansion ot tbe plates. The quality of the water must 
also be taken into account, for very impure water greatly diminishes 
the transmission of heat through the firebox plates, and may thus 
promote overheating of the metal, which renders it brittle. 

The American locomotive boilers, it may be added, are washed 
out with hot water. 



Fig. 159.— Steel Firebox. 

P The American practice shows that to obtain good resulta with 
steel fireboxes, thin plates are necessary. It ia therefore to be 
feared that under these conditions they would not last very long, 
and that it would be necessary to replace fireboxes after a very 
short mileage. This, from an economical point of view, would be 
very inconvenient. 

It is rather difSoult to state exactly the life of steel fireboxes 
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in the United States ; their renewal appears to be very frequent, 
and it is not uncommon to see old fireboxes that have been taken 
O'lt showing numerous cracks that had been patched. 

^e Great Eastern Railway Company has in use several loco- 
inutiyes with steel fireboxes (fig. 159), one of which has been in 
Qse since 1889. They appear to have given generally good results. 
7b« plates are \ in. thick, the tube plate being ^ in. thick. These 
fireboxes are stayed with steel stays on Mr. Park's system, of 
which an account is given further on. 

Ten steel fireboxes were also tried about four years ago by the 
^mpagnie de Paris, Lyons et Marseilles, of France, but the results 
of this experiment are not known. The steel for these fireboxes 
^ere to resist a maximum tensile stress of 254 tons per square 
^ch, wiih a minimum extension of 25 per cent, in 8 ins. 

Ia the American locomotives built by Mr. Strong the external 
firebox is formed of two cylindrical parts joined together laterally. 
In the interior of each of them is a cylindrical firebox of corrugated 
^1 of 3 ft. 6 ins. internal diameter and ^ in. thick. These two 
fireboxes are united by means of a flanged plate in the combustion 
chamber, also formed of corrugated steel plate, and terminated by 
^ tnbe plate carrying the boiler tubes. These boilers were worked 
at 175 lbs. per square inch. In another design proposed by 
« Strong the two cylindrical parts which form the firebox are 
'Qperposed, instead of being connected laterally. The lower part, 
of cormgated steel plate, contains the firegrate ; and the upper fire- 
box, also of corrugated steel, serves for a combustion chamber; at 
^e extremity of this second chamber the tubes of the boiler are 
fixed. This second design is similar to that which Mr. Webb 
applied to the boilers of some locomotives on the London and 
*N'orth- Western Railway. 

Staying of Back Plate and Smokeboz Tube Plate.— There is very 
little uniformity in the method of staying the front tube plate, and 
the back plate of the outside firebox, in English locomotive boilers. 
The method generally used is that of longitudinal stays (figs. 148, 
156, and 157) tying together the two plates, and attached to them 
by screwing the stays into the back plate, and having inside and 
outside nuts at the front tube plate. This is the system on the 
London and South- Western Bail way with a working pressure of 
175 lbs. per square inch ; on the North-Eastem Railway, compound, 
175 lbs. per square inch ; Great Eastern Railway, compound goods 
engine, 180 lbs. per square inch ; London and North- Western Rail- 
way, 175 lbs. per square inch; and Lancashire and Yorkshire 
Railway, 160 lbs. per square inch. 

On the Taff Yale Railway, with a working pressure of 160 lbs. 
per square inch, the front tube plate is stayed by means of stay 
rods to the centre length of the boiler barrel, and the back plate of 
outside firebox is also stayed by means of tie-rods to the rear 
length of the boiler barrel. On the South-Eastern Railway the 
two plates are stayed by gusset stays, fastened by means of angle 
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irons on one side to the stay plates, and on the other to the cylin- 
drical plates next to the boiler barrel. On the London and North- 
western Railway the boilers are sometimes stayed by using gasset 
stays for the front tube plate, and longitudinal stays fixed to the 
outer firebox back plate. On the London, Brighton and South 
Coast Railway the front tube plate is stayed by means of tie-rods 
to the first length of the boiler barrel, and the back plate is stayed bj 
means of screwed stays to the roof bars which support the crown 
of the firebox. Both in the United States and Canada the outer 
fireboxes are generally made with a wagon top ; and the system of 
staying usually adopted consists in fastening, by means of tie-rods,, 
the front tube plate to the first length of boiler barrel, and the back 
plate to the conical portion of the barrel of the boiler, similarly to 
the method adopted on the Taff Vale Railway. As an exception, 
on the locomotives of the Canadian Pacific Railway, the back plate 
of the outside firebox is stayed by means of tie rods to the conical 
portion of the boiler barrel, but the front tube plate is fastened to 
the first length of boiler barrel by means of gusset stays, as in the 
locomotives of the South-Eastem Railway. 

On the European Continent these different systems of staying do 
not appear to be now applied. Tie-rods are no longer used, except 
between the back plate and first length of the boiler barrel, but the 
two plates in front and behind are stiffened by tee irons, or angle 
irons holding a stiffening rib rivetted to these plates. The barrel 
of the boiler performs in these cases the function of a tie-rod. 

In the case of the super-elevated exterior fireboxes, or fireboxes 
on the Belpaire system — which are very much used on the Con- 
tinent — the angle irons of the back ])late are fastened in addition 
(as shown in fig. 155) by means of tie-rods, and the back plate is 
stayed to the first length of the boiler barrel. 

rastening between Firebox Tube Plate and Barrel — The fastening 
between the firebox tube plate and boiler is generally effected by 
means of stays screwed through the tube plate into a bracket 
rivetted to the first length of the boiler barrel, M (fig. 148). Care 
should be taken to give these stays sufficient length between the 
points of attachment to permit of the expansion of the firebox 
laterally. Some exceptions to this practice occur, however, in 
English locomotives. It is generally found, when boilers come 
into the shops for repairs, that all these stays are broken, showing 
that they are of very little good. They also tend to impede the 
proper circulation of the water where it is of the utmost import- 
ance that it should take place freely. In experiments made with 
boilers running without these stays no difficulties have arisen. 

Firebox Stays. — The vertical sides of the outside and inside fire- 
boxes are fastened together by means of copper stays screwed into 
the two plates and rivetted externally and internally. The distance 
apart from centre to centre of these stays is varied according to the 
pressure of the steam. 

On the Continent, with the object of notifying the breaking of 



tbne st»js, thev are drilled through the centre with a bole A- in. 
to J in. in diameter. This hole remains open either ia the iaside of 
tbe firebox — which ia the moat uanai — or the outer casing. This 
tjatem is almost tiniveraal on the Continent, and ia heginning to be 
*<to|it«d in the United Statea It is little used in Oreat Britain, 
bnt hu been tried on some of the locomotires of the London and 
North- Western Railway. 

lo consequence of the high temperature which exists in the fire- 
box, eg|>ecially near the auriace of the fuel, the heads of the rivetted 
tCayx are burnt off rapidly, thus diminishing in a great degree their 
etreo^. 

The late Mr. Park, locomotive engineer of the North London 
Railway, adopted a form of stay (fig. 160) which was screwed into 



Fig. 16a— Firebox Stays. 

ibe two plates, but in which rivetting was done away with. The 
tightening against the plates in this caae was obtained by means of 
a hole drilled at each end in the centre of the stay, which was 
eolu^ed after the stay was fixed by meana of a conical drift ; 
complete tightneas was thus obtained, and the rivetted heads were 
SiToided. This form of stay is not now much used. It should he 
reiQembered that too great a transverse resistance should not be 
sllowed to these stays, which should yield to the expansion of the 
firebox. 

The distance apart averages about 1 ins. ; in boilers with higher 
pressarea it is 3^ ins. and 3| ina The diameter of the stays varies 
between i in. and 1^ ins., and the pitch of the thread is II, 13, and 
H threads per inch. 

In America the practice is the same, with the difference that 
iron or steel is employed instead of copper. 
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Owing to the trouble, danger, and expense occasioned by the 
frequent breakage of copper and other stays used in locomotive 
fireboxes, a flexible stay has been designed by Messr.-^. Stone & Co. 
This is shown in fig. 161. It is represented that these stays will 





Fig. 161.— Firebox SUy. 

stand thirty times as many strains as the ordinary stay, and where 
they have been tried they have given very good results. 

Taking t = thickness of the plate in sixteenths of an inch. 

B = the area of surface supported by one stay in square 

inches. 
P s working pressure in lbs. per square inch. 
C = a constant, with stays screwed into the stays and 
ri vetted over, 
— 60, when the plates have water on one side and fire 

on the other, and 
= 36, when the plates have steam on one side and fire 
on the other. 



Then 



and 



c + (< + n« 

S = ^^ ^ + 6 ; 

^ C4-(< + 1)« 
S- 6 • 



Unwin gives the following rules for proportions of stays :- 
D = distance apart of the stays. 
d = gross diameter outside the thread. 
d^ = diameter at bottom of screw thread. 
t = thickness of plate. 
p = steam pressure. 

D - for copper plates, and 

J p 

= — for iron or steel plates, 

Jp 

and rfj = 0*016 D <s/p" for copper stays, 

d^ » 0'112 D J p for iron stays; 

while d = 0-0177 D Jp'+ 0O55 for copper 

d = 0-0132 D i/p+ 0-055 for iron. 
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Staying Roof of Firebox. — The system of longitudinal roof bars or 
bearers is the one most generally used in Great Britain. These 
haTSy during the last few years, been made of cast steel, which 
material gives them great strength with diminished weight. They 
have a girder section, thus — IC, as illustrated in fig. 162. The 
London and South- Western Railway, North-£astem Bailway, and 
the Great Eastern Bailway have used them extensively. These 
roof bars, which rest at their extremities on the tube plate and back 
plate of the firebox, are attached to the roof of the firebox by means 
of screwed bolts 1 ii^. in diameter, placed about 4 inches from centre 
to centre, and screwed into bosses on the roof bars about 2 ins. in 
diameter. The space between the bosses allows for the circulation 
of the water on the roof of the firebox. The roof bars are stayed 
to angle irons fixed on the wrapper plate of the outside firebox by 
means of links (figs. 148, 157) with elongated holes which allow for 
the expansion of the firebox. 

Roof stays somewhat differently arranged, but substantially the 
same in principle, are used on the London and North- Western 
Railway, the Midland Bailway, and the London, Brighton and 
South Coast Bailway. 

Another method of staying the firebox roof is by vertical stays. 
Oq the locomotives of the South- Eastern Bailway, vertical stays are 
rivetted to the outside firebox and fixed by means of rivets to the 
roof of the firebox. On the Caledonian Bailway the roof of the 
firebox is also supported by vertical stays, but these stays are 
fastened in series of threes in the longitudinal direction of the 
external firebox. On the Taff Yale Bailway the roof of the firebox 
it supported by vertical stays rivetted to the cylindrical casing 
plate and fixed by means of bolts to the firebox roof. The two 
first rows of stays next the tube plate are fixed by an arrangement 
of cotters leaving a play of ^ in., which allows for the vertical 
expansion of the firebox on the side next the tube plate. 

In America both methods of staying the firebox — viz., by means 
of roof bars and by means of vertical stays— are in use. But when 
roof bars are employed they are generally placed transversely to 
the firebox and are suspended by means of brackets rivetted to the 
wrapper plates. Of late years, owing to fireboxes of great size 
becoming general and to the roof bars consequently becoming more 
and more complicated, the use of vertical stays has increased in a 
▼ery marked manner. These stays are generally rivetted to the 
wrapper plate and to the roof of the firebox. 

On the European Continent the tendency is towards the same 
practice, owing to the increase in the dimensions of the fijregrate 
added to the use of inferior qualities of coal ; also to the more 
extended adoption of the Belpaire type of firebox. With very 
large fireboxes the use of roof bars, even placed transversely, 
preseats certain difficulties ; and the use of vertical stays for the 
firebox roof is consequently spreading. 

All locomotives with Belpaire fir^xes (fig. 155) have the roof 
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of the firebox supported by vertical stays screwed and bolted to 
both plates. This method of applying vertical stays to a certain 
extent impedes the expansion of the firebox, especially in the 
case of the stays placed near the back plate and the tube plate. 
Considerable pressure, when expansion takes place, is exerted on 
these plates, which will tend to make the tube holes oval, causing 
leaky tubes and frequently resulting in cracked tube plates. To 
avoid these defects some engineers employ in the Idst transverse 
rows of stays an articulated system, which facilitates the expansion 
of the tirebox. 

Staying the roof of fireboxes, whether by roof bars or by vertical 
stays necessitates a very considerable weight of material, as well 
as being also costly. It also makes it difficult to clean the roof 
of the firebox and to remove the scale deposited there. On this 
account a system of firebox roof not requiring any stays has been 
mach sought after. Cylindrical fireboxes have been already men- 
tioned; and on one of the French Railways a firebox with a 
cylindrical copper roof rivetted to the side plates has been tried ; 
on another French Railway a firebox roof made in corrugated iron 
on Fox*s system and rivetted to the copper side plates of the fire- 
box has also been tried. 

Bivettillg. — In a boiler the rivetted joints are the weakest places, 
the strength at those parts being always less than that of the solid 
plate, on account of the rivet holes diminishing the resisting area. 
This diminution of resisting area it is necessary to render as small 
as possible. 

On the other hand, the pitch of the rivets should not be too great, 
so that the joint may be kept steam tight. It is also necessary to 
arrange the rivets, as far as possible, in such a manner that at the 
moment of rupture the tearing of the plate should take place at the 
same instant as the shearing of the rivets. It is necessary too that 
the pressure of the plate upon the lateral surface of the rivet should 
not be too great, so as to avoid the effort of flexure upon it, which 
would diminish its resistance to shearing. There should, therefore, 
be a relation between the section of the plate diminished by the 
rivet holes, the shearing surface of the rivets, and their lateral 
surface. 

A simple formula will enable us to determine the dimensions of 
the rivetted joints, if we know exactly the nett resistance of the 
plates afler the holes have been ])unched, the resistance of the rivet 
to shearing, and the pressure that the latter can resist laterally 
without danger. Unfortunately, these three data are far from 
being exactly known. Numerous experiments have been made 
with the object of determining them, with the result that a certain 
amount of doubt still remains, and that the proportions of rivetted 
joints are far from being the same for all boilers. 

It is well known that punching iron or steel plates considerably 
aHers the molecular condition of the metal for a distance of about 
An eighth of an inch round the rivet hole. The metal is crushed 
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at til at part and becomes brittle, so that the normal resistance of 
the plate in the nett section punched, depends upon the spaces 
between the rivet holes. With short distances between them, the 
resistance of the nett section of the plate may be greater than the 
normal resistance of the unpunched plate, but with less elasticity. 

In proportion as the pitch of the rivets increases the resistance 
of the nett section diminishes, and with plates from ^ in. to ^ in. 
thick and a pitch of 2§ ins. to 2| ins., it would appear from certain 
experiments that the resistance due to punching would attain its 
minimum, and that in this case the resistance of the nett section of 
the plate would be for iron 20 per cent, less than that of the nn- 
punched section, and for mild steel, about 25 per cent. 

Professor Kennedy, in his important researches upon rivetted 
joints, arrived at similar results for plates f in. thick. He repre- 
sents the variation per cent, of the resistance of the punched plate 
by the formula 

where R = proportion of pitch to the diameter of rivets. Elxperi- 
ments have also led to the conclusion that the resistance varies with 
the thickness of the pkte. For plates f in. to 1 in. thick, the 
formula becomes 

4-5 - R> 



/4-5 - R\ 
V 2-6 )' 



Without entering into the details of theae numerous experiments, 
we see how difficult it is to ascertain exactly the resistance of the 
plate after punching the rivet holes. 

In any case, the experiments upon rivetted joints show that the 
operation of drilling the plates does not appear to diminish, like 
punching, the strength of the nett section of the plate ; according 
to Professor Kennedy it would even increase it. 

Again, if, after a plate has been punched, we take away by drill- 
ing from ^ in. to |- in. round the hole, the resistance of the nett 
section of the plate becomes nearly the same as that of the un- 
punched plate. Also if, after punching, we anneal the plate, the 
normal resistance is restored to the metal, and this is the usual 
way of overcoming the weakening of punched plates. 

We may, therefore, conclude from these facts that in the con- 
struction of boilers the punching of iron or. steel plates shouJd be 
forbidden, unless care be taken to anneal the plate after punching, 
or the plate be punched to a smaller diameter than that of the rivet 
and the holes afterwards enlarged by drilling out a ring of iron 
from j\ in. to ^ in. 

Under these circumstances the molecular condition of the metal 
between the rivet holes will be in its normal state, and we could, 
without error, assume for this section a resistance equal to that of 
the metal not punched. The coefficient representing the ratio of 
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the strength of the joint to that of the actual plate, assuming the 
breaking strain to follow the line of least resistance, will therefore 
be represented by 

I - d 



where / = the pitch of the rivets, 

d = diameter of the rivets. 

The resistance of the rivets to shearing, whether in iron or steel, 
is always less than their tensile strength ; and experiments have 
demonstrated that this resistance to shearing per square inch was 
independent of the number of shearing sections. 

Certain engineers admit that the adhesion of the rivet head to 
the plate after rivetting may increase the resistance to shearing 
and render it nearly equal to the tensile strength. It is possible, 
indeed, that by the present mode of rivetting with hydraulic 
rivetting machines we obtain a certain increase of resistance. The 
experiments of Professor Kennedy upon ri vetted joints show a 
reastance to shearing varying from 70 per cent, to 85 per cent, of 
the tensile strength of the plate. These experiments appear to 
show that the shearing surface of the rivets should be greater than 
the nett section of the plate left between the rivets. 

The lateral area of the rivets — the diameter x the thickness of 
the plate — has a very great influence upon the resistance to shearing. 
According to the experiments made, the pressure over this area 
fthoald not exceed 41 tons per square inch for lap joints. For 
doable rivetted butt joints this may be somewhat increased in 
^oiisequence of the diminution of the shearing stress owing to the 
increase in the shearing surface. In fact, for double rivetting with 
nvets alternated or disposed in a zig-zag line, the same experiments 
bave shown that the nett surface of the metal measured in the 
direction of the zig-zag should be from 30 per cent, to 35 per cent. 
S^terthan that measured in following the straight line, the object 
being to ensure the rupture following the zig-zag direction. 

The maximum pitch of the rivets in the case of double zig-zag 
rivetting appears to be about 3|- ins., and for single rivetting 21 ins. 

Machine rivetting is now almost everywhere replacing hand 
^'^▼etting. Hydraulic rivetting machines, whether fixed or portable, 
^ largely used at the present time, and give facilities for rivetting 
iQ the most inaccessible parts of the boiler, with accuracy and 
^thont noise ; and the work is done more economically and more 
i^pidly. A pressure of 1500 lbs. per square inch is the pressure 
K^nemlly used in TweddelFs machines with a difierential accumu* 
Ittor. 

Mechanical rivetting will always give better results than hand 
^ork, especially in the construction of high-pressure boilers. The 
nvet fills the hole perfectly, whilst with hand rivetting this cannot 
^ ensured. It must not, however, be forgotten that hydraulic 
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rivetting does not dispense with the necessity for accurate punching, 
drilling, and fitting of the plates. 

Steam rivetting machines are now seldom used. They are not 
economical on account of the condensation of the steam, and can 
only be adapted with the greatest difficulty, the graduation of the 
pressure on the rivet causing great complication. 

The pressure on the rivet during rivetting, which can be regulated 
by the accumulator, ranges between 25 tons and 50 tons, and is 
varied according to the thickness of the plate and diameter of the 
rivet. For plates f in. thick and with 1 in. rivets, the pressure is 
generally 40 tons. Experience has shown that to obtain good 
rivetting the pressure should vary from 57 to 64 tons per square 
inch of the section of the rivet. In view of the greater strength of 
steel plates and to avoid galvanic action, which might be set up by 
the contact of different metals, the use of steel rivets for steel 
boilers would appear to be the most advantageous course ; but the 
use of steel rivets demands certain precautions. Steel rivets require 
to be heated to a temperature of from 1450*" or 1650" Fahr. ; and if 
the heating be above or below this there would be a risk of their 
being injured, and some of them might be liable to fly off after 
cooling. The pressure on the rivet head should cease while it is 
still red — say about 1200"* Fahr. — in the first place, because of the 
hardness of the metal, and secondly, because otherwise the crushing 
of the rivet head is to be feared. With steel rivets, therefore, the 
rivetting should be done with a smaller margin of temperature than 
for iron, and the operation should be performed more rapidly. 

The Use of steel rivets, indeed, necessitates the use of mechanical 
rivetting machines, which, with a greater and more regular pressure, 
combines more rapid work. 

It is these considerations which are the cause of steel rivets not 
having yet become general, although their use is gradually extend- 
ing. In any case the metal used should be very soft and ductile. 
Mild steel rivets are used by the London and North-Westem Rail- 
way, the Great Western Railway, and the Lancashire and York- 
shire Railway. 

Steel bars for rivets should have a tensile strength of not less 
than 26 tons, nor more than 30 tons, per square inch ; the elongation 
should not be less than 25 per cent, in 10 ins., and the contraction 
of area should not be less than 50 per cent. 

It is not necessary to refer to the different experiments made to 
substituting welding for rivetting. In spite of tfhe numerous ad- 
vantages which this mode of manufacture may present, welding has 
been but little used for locomotive boilers. What will be the out- 
come of electric welding we are at present unable to say. 

We must not forget that hydraulic rivetting does not dispense 
with the precautions which are always necessary in the preparation 
of the plates; especially in punching or drilling the rivet holes, 
which should perfectly coincide before rivetting together. 

The use of a drift is always a bad substitute for good work. 
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With mechanical rivetting, caulking the rivet heads is unneces- 
sarj, neither do the joints require caulking, if the plates are well 
chamfered they simply require fullering. It is a good thing when 
using steel plates to wash them with solution of sal ammoniac and 
water before the rivetting is done, so as to remove the scale and 
secure a perfect contact between the plates. As before stated, some 
engineers prefer the barrel to have a butt joint and butt strips 
instead of lap joints and inside cover plates ; the boiler can thus be 
made perfectly cylindrical, and, above all, oblique strains on the 
joints are avoided, which is liable to have the effect of loosening the 
rivets and tends to open the joint. 

Tubes. — ^The two arrangements of tubes — respectively with hori- 
sontal and vertical rows — are met with in different types of engines 
in Great Britain, on the Continent, and in the United States of 
America. It seems, however, that the arrangement in vertical rows 
IS now becoming more general, especially in the case of high-pressure 
boilers. This is because it facilitates ^e circulation of the water 
&nd promotes the cleansinj^ of the exterior surfaces of the tubes by 
allowing sediment to fall more easily to the bottom of the boiler. 

The distance between the tubes varies, as before stated, from | in. 
to I in. In order to facilitate the fixing of tubes or their with* 



Fig 163.— Boiler Tul>e Joints. 

drawal through the sniokebox tube plate, it is the usual practice to 
bave the holes in that plate drilled ^ in. larger than the tubes and 
the holes in the firebox tube plate. The practice on the London 
*nd South- Western Railway and some of the railways on the Con- 
tinent is to bore the hole in the firebox tube plate ^ in. smaller 
than the tube and \ in. smaller than the hole in the smokebox tube 
plate, and to employ no ferrules. In this case the joint is made on 
the inside of the tube plate, the tubes being simply expanded and 
the five or six bottom rows beaded over. This method of fixing 
the tubes is shown in fig. 163. The holes in the two tube plates in 
the engines of some of the Continental railways, instead of being 
cylindrical, are drilled to a conical form with a taper of 1 in 40. 
This is said to facilitate the tightening of the tubes in the tube plate. 
The old system of drifting is now almost entirely done away with ; 
foller expanders of different kinds — but following on the lines of 
the original Dudgeon tube expander — ^being always employed. 
Tubes are generally fitted with internal ferrules excepting in the 
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one or two instances already mentioned. These are usually placed 
only at the firebox end, but there are a few instances in which they 
are put at each end of the tube. 

In America, where inside ferrules are not utilised, it is usual to 
place between the tube and the tube plate a copper liner. This 
yields to the tube expan>ler and makes a tight joint. For some 
years past tubes with internal. wings or ** Serve'* tubes have been 
tried in the boilers of English and French steam vessels; the 
results, although not definitely conclusive, nevertheless app>ear to 
have been satisfactory as regards the production of steam. Similar 
trials have been made by some railway companies but there was 
not much increase in the steaming power of the engines. The 
cleaning of the tubes appeal's to have been more difficult and to 
have demanded more personal attention. 

The outside diameter of tubes varies between a minimum of 
1^ ins. and a maximum of 2 ins. ; the average and most general 
size is If ins. The thickness of the tubes varies according to the 
kind of metal used, but it is on an average about *09 in. 

In the manufacture of tubes, brass, copper, iron, and mild steel 
are respectively used. In America iron is practically the only 
metal employed, with the exception of a few cases where mild steel 
has been tried ; brass is a great deal used in Europe, although the 
use of iron and mild steel tubes is extending. In England mild 
steel is used by several railways. Although this metal is more 
economical than brass it has the defect that it is rather an inferior 
conductor of heat, and incrustations adhere more firmly to it than 
to brass. Some engineers, therefore, consider its use should depend 
upon the chemical composition of the feed water. Iron tubes also 
necessitate a more frequent washing out of the boilers, or that the 
feed water should be purified before being introduced. 

The brass used for tubes is generally composed of 70 per cent, of 
copper and 30 per cent, of spelter ; although this is sometimes made 
6b per cent, of copper and 32 per cent, of spelter. 

These tubes, before being used, are tested internally by hydraulic 
pressure to a specified pressure. After being annealed they are 
submitted to tests of flattening out, flanging, beating down, and 
drifting out, and the tubes should stand these tests without cracks 
or other defects. Iron or steel tubes are submitted to hydraulic 
pressure both internally and externally. They are also submitted 
to tests of flattening, bending, flanging, and drifting out. 

Several engineers use iron and steel tubes pieced with copper or 
brass ends in order to avoid the difficulty of making the steel tubes 
tight by expanding them in a copper tube plate. This is a very 
good plan to adopt when a boiler is being re-tubed, and the tube 
holes in the copper tube plate are eularged — owing to frequent ex-^' 
panding — and the metal between the tube holes is thereby reduced. 

Locomotive boilers should be re-tubed at least once in every five 
vears. 
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SPECEFICATION OF STEEL BOILER TUBES. 

The tubes to be lap- welded and to be manufactured of steel. The weld is to 
be perfectly sound and well finished, the ends are to be clean and square, and 
the surface free from defects. 

Each tube is to be of the exact dimensions stated on the tracing furnished 
with the official order. 

Steel diameter gauges for sizes of ends will be supplied by the Company, 
and the tubes must be made to pass through these gauges a good fit. 

The tubes are to be supplied dean, free from rust inside and outside, and 
are not to be covered with paint or any similar coating, and both ends are 
to be properly annealed before delivery. The maker's name is to be clearly 
>itamped on the outside of each tube. 

Each tube is to be capable of standing, without leakage, an internal pressure 
of 800 lbs. per square inch, and an external pressure of 250 lbs. per square inch. 

The contractor shall be required to provide at his own expense an additional 
tabe for each 100 ordered, to be selects by the company's inspector from the 
balk, and to be tested in his presence by the contractor to the pressures above 
nwDtiooed. 

Hydraolic Testing of Boilers. — In Great Britain the boilers of 
locomotives are tested — when they are new or when they have had 
<x>D8idenible repairs done to them or the tubes renewed — by 
hydraaHc pressure, generally to one and a half times the working 
pressure. There is no othcial rule fixing the testing pressure for 
locomotives as there is in the case of marine boilers. In the case 
of marine boilers, double the working pressure is compulsory — a 
margin which might have been necessary when the pressures of 
from 50 to 100 lbs. per square inch were .common. It is, however, 
questionable whether it is desirable to have the same rule when 
working at 180 lbs. to 200 lbs. per square inch. Warm water is 
used at a temperature of from 70** to 80 C, and the pressure should 
^ maintained for at least ten minutes. When, for the purpose of 
stopping a leakage, it is necessary to caulk a joint, any caulking 
tool in the shape of a chisel is prohibited. The following regula- 
tions in reference to testing locomotive boilers will be found very 
complete : — 

REGULATIONS FOR HYDRAULIC TESTING OF BOILERS. 

1. AU locomotive boilers must be tested, when new or after undergoing 
li^avy repairs, with hydraulic pressure and warm water to one and a half 
timet their working pressure. This test must be applied in the presence of 
the foreman boilermatcer and the foreman erector, and both foremen must sign 
tke register kept for the purpose. 

2. T^e test to be considered sufficient for this life of the first set of tubes, 
pit)vided they do not last more than five vears. At the end of five years, or 
^vlier if re-tubed, the boiler must again oe tested, and after the second test 
the boiler must be tested every time it is re-tubed, pr9vided the tubes do not 
1^ more than three years, llie test, in every instance, to be with hydraulic 
prepare and warm water, and in the same ratio as the first test ; the pressure 
^ be kept up ten minutes. 

3> Working pressures to be governed by the condition of the boiler, and 
'^Qoed at the discretion of the foreman in charge of the engine. 
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4. Each time a boiler is tested the foreman must make a personal examina- 
tion of the internal and external condition of the boiler, keep a register of the 
same, and send a report to the works' manager, so that the particulars may be 
entered in the books kept for the purpose ; special attention to be called in 
the report to any defects observed. 

5. In all cases after the hydraulic test has been applied, the safety valves 
must be left free, the water lowered to its working level, and steam got up to 
the working pressure. When any caulking is required, the tool employed 
must be that known as a "fuller*'; no w^ge-shaped tool must be used in 
any case. 

6. When an engine is sent to the shops for repairs, and requires testing, the 
fact must be not^ on the repairs' sheet, and the testings performed by the 
foreman boilermaker at the works, who will be held responsible that such 
testings are properly done. 

7. Two gauges in all cases to be used in testings, and these are to be com- 
pared with standard gauge at intervals never exceeding three months. 

French Type of Boiler with Two Barrels — Before concluding thb 
chapter mention should be made of a type of boiler designed for 
one of the French Railway Companies. The boiler has two cylin- 
drical barrels superposed. The lower barrel contains the tubes, 
and the upper barrel — of smaller diameter — is connected to the 
lower one by tubes, and serves for a steam chamber. This arrange- 
ment has enabled the heatinji; surface to be increased without 
lengthening the boiler, as it is in height that this increase is 
obtained. With the same grate area a large firebox is obtained, 
and, consequently, a larger direct heating surface. This boiler, 
which was first supplied to a Cramptoii locomotive, has also been 
applied to ten bogie express locomotives working at a steam pressure 
of 170 lbs. per square inch. 

Gleading. — The boiler should be completely covered with some 
non-conducting material Many substances are employed, but the 
most common is wood — well seasoned pine, in strips of not more 
than 2^ ins. wide and f in. thick tongued and grooved. This wood 
is often painted with asbestos fire-proof paint on both sides, 
and then covered with smooth steel or iron sheets, Ko. 14 S.W.G. 
The sheets are secured at the joints with hoop iron bands 2^ ins. 
wide. A beading is placed at the front end of the boiler of sheet 
brass or iron, shaped to cover the rivets in the front tube plate and 
angle ring. A coping is also frequently used to cover the rounded 
end or radius at the back plate inside the cab. On some railways 
the back plate is lagged all over. The manhole casing is made of 
charcoal iron 14 8.W.G. thick, and fitted with a cast-iron or brass 
shield for the safety valve columns. The dome casing is made of 
brass or charcoal iron 14 S.W.G. thick. 
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CHAPTER XIV. 

SMOKBBOX; BLAST PIPE; FIREBOX FITTINGS. 

CoHTBfTB. — Smokeboz — Aahpans and Dampen — Chimney — Blast Pipe — 
Macallan's Variable Blaat Pipe— Adams' Vortex Blast Pipe-^Steam 
Blower — ^Firebars — Briok-aroh — Deflector — Firehole Doors — Liqnid Fuel 
Fittings. 

The Smokebox — This is sitiutted at the front end of the boiler and 
is fixed to the flange or angle of the front tube plate. It forms 
s chamber for the reception of the smoke and sparks which have 
pessed through the tubes on their way to the chimney. It also 
encases the steam pipes, and serves to prevent loss of heat from 
them, and in less degree from the cylinders. The sides and crown are 
generally of two wrought iron or mild steel plates joined at the top^ 
sad are from j- in. to f in. thick. The front plate, if of wrought 
iron or mild steel, is f in. thick ; but cast iron is used on some 
American locomotives. 

The front plate is attached to the sides by an angle-iron, and is 
ftlso stiffened by an angle-iron round the opening for the smoke- 
hox door. 

On the London and South-Western Railway and Great Eastern 
Bailway, the smokebox front, A, is very neatly flanged, as seen in 
fig. 164. In the smokebox are placed the main steam and exhaust 
pipes, where they are not exposed to loss of heat by radiation. 

It was considered for many years that the smokeboxes of loco- 
motiyes should be made as small as possible ; but of late years — 
psrticnlarly in America — the extended box has been almost univer- 
ttlly adopted. The object is more especially to provide space for 
the sparks. This enlargement of the smokebox has been tried in 
Great Britain and on the Continent, but, judging from the results 
of experiment, it does not improve the draught nor offer any direct 
advantage. 

^ A hole for the door is cut in the front plate large enough — some- 
times 4 ft. in diameter — ^to enable the tubes to be cleaned, the 
Mhes to be removed, and the joints of the main steam and exhaust 
pipes to be attended ta The door, B, is made in various forms, of 
^n>aght iron, steel, or cast iron. Great care must be taken that 
^Len closed the door makes a perfectly air-tight joint. If the 
*<Qokebox draws air, the cinders inside are liable to take fire, and 
^0 rate at which steam is generated is also much reduced. 

15 
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Ashpan and Dampers. — The ashpan is placed below and is well 
^xed to the bottom of the firebox. It is furnished with movable 
doors or dampers worked from the footplate for regulating the air 
supply, and collects all the ashes that pass through the firebars, 
and prevents them from falling upon the line. The dampers must 
make an air-tight fit with the ashpan, so that the grate may be 
-completely closed from the outside air ; that this should be possible 
when the engine is standing is most important. 

The dampers are placed on some engines at both back and front 
of the ashpan — as shown at D^, D^ Plate I. — ^but sometimes only 
in front ; and can be opened or closed to admit, or keep out, air as 
the engine-driver considers necessary. 

The sides and bottom of the ashpan are made of |-inch or y'^^inch 
wronght-iron or mild steel plates, which may be rivetted to angle- 
irons 2 ins. by 2 ins. by ^ in., or may be fianged from a single 
plate. 

Chimney. — There are numerous forms in which chimneys may be 
made, but they are generally conical — slightly smaller in diameter 
at the bottom than at the top. The inside diameter of the chimney 
is a matter of the greatest importance. It is usually made about 
2 ins. less than that of the cylinders. Thus, when the diameter of 
the cylinders is from 17 ins. to 18 ins., that of the chimney may be 
14 ins. at the bottom and 16 ins. at the top ; although these dimen- 
sions are commonly diminished if the engine will not steam well. 
The chimney area is sometimes made 12 times that of the blast 
•oritice, and -^^ of the grate area. The length of the chimney is 
dependent on the diameter of the wheels and size of the boiler, the 
height of top of chimney being given from the rail level, according 
to the construction gauge of the road. 

Chimneys are made of either wrought iron or mild steel plate, 
f-in. thick, or of cast iron. The base of the chimney is dished, the 
object being to make the opening in the top of the smokebox as 
large as possible. This, in large engines, is from 1 ft. 10 ins. to 
2 ft. in diameter. In America and on the Continent, for wood 
burning and other purposes, chimneys are made of different shapes 
and forms, and are fitted with valves, cones, and deflectors. The 
•chimney is frequently prolonged downwards towards the interior of 
the smokebox in the form of a cone. 

Blast Pipe. — The blast pipe is usually made of cast iron or copper. 

With the locomotive boiler it is necessary to have rapid combus- 
tion, and for this, as it is possible to have only short chimneys, the 
natural draught is altogether insufi&cient. This insufficiency of 
the natural draught led to the use of the blast pipe. The exhaust 
steam as it leaves the cylinders passes through the blast pipe and 
op the chimney, where, expanding, it fills the chimney like a piston 
or plunger. This forms a vacuum in the smokebox which induces 
a current from the firebox through the tubes, a steady draught 
■being the result. The exhaust should be as direct as possible, 
a crooked or distorted passage being incompatible with an efficient 
draught 
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In certain experiments^ the vacuum in the smokebox varied from 
a mean of 2*84 ins. of water at the middle of the middle row of 
tubes, to a maximum vacuum of 15 ins. at the base of the chimney. 
Should there be a leak in the smokebox, or the firehole door be 
opened, the vacuum is reduced; dosing the damper raises the 
vacuum, and the greater the blast the greater is the vacuum. The 
height of the blast pipe differs considerably in different cases ; but 
it has not been found advantageous in Great Britain to place it 
higher than the top row of tubes. When the blast pipe is disposed 
lower than this, the chimney is prolonged in a conical shape into 
the smokebox. The determination of the size of the orifice of the 
blast pipe is important. If too small, the blast is sharp, and the 
consumption of fuel and back pressure in the cylinders become 




I - : I 

Fig. 165.— Macallan's Variable Blaat Pipe. 

excessive. At the same time the orifice must not be too great, or 
the boiler will not steam well. Its diameter depends a great deal 
on the size of the chimney. The diameter, if possible, should be 

^^ I where D is the chimney diameter. 

In the four- cylinder engines recently designed by Mr. Webb> 
two blast pipes are employed with the object of obtaining a uniform 
distribution of draught over the tubes. The smokebox is divided 
by a horizontal partition into two compartments and a blast pipe is 
placed in each. Each compartment is provided with a separate 
chimney, that of the lower one passing through the upper. 
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XauUan'B Variable Blast Pip«.— llaay experiments have been 
■ntds with a view to improving the form of tbe blast pipe. On the 
OootiDent variable blast pipes i 




t^f.*''^*'" 



ondoubtedl; good, as it is possible with this arrangement to adjust 
the area of the blast as tbe work required to be done by the loco- 
motive varies. The drawback to the variable blast pipe is the 
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complication of mechanism necessary to work it. Variable blast 
pipes are not much used in this country, with the exception of [an 
arrangement designed by Mr. G, Macallan of the Great Eastern 
Railway, in which the blast pipe has a movable hinged top worked 
from the foot plate. The general idea is illustrated in fig. 165,. 
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Fig. 167.— Effect of Variable Blast. 
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Fig. 168.->Effect of Variable Blast. 

Indioatob Diagrams Taken neak BRENT^vooD. 

Engine in forward gear ; cutting off at 35 per cent, of stroke ; making 162 
revolutions per minute and working a train of 15 six -wheeled carriages up a 

fradient of 1 in 101, at a speed of i^out 32^ miles per hour. Boiler pressure 
40 lbs. per square inch. 
The broken lines show the diagram mven with the 4f ins. blast-outlet {top 
on), and the full lines that given with the 5} ins. blast-outlet (top off), 
M. E. P. 68-4 lbs. top an. M. E. P. 721 lbs. top off. 

and the detailed construction shown in fig. 166. When the top is on 
the pipe, the area of the outlet is that of an ordinary suitable pipe, 
but when the top is moved off, the end of the outlet is about 30 per 
cent, larger. Fig. 166 also shows the details for working the top 
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^.^be footplate. The indicator diagrams in fig. 
».»^I ^^8 othJk engine fitted with one of these pipes. 



167 show the 



pipes. The diagram 

- J, o .^ 1 inch; the diagram 

% 168, which was taken simultaneously, with a spring of 



ill ^* ^^- ^^ taken with a spring of 80 lbs. to 1 inch ; the diagram 
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^ ^\^. to 1 inch. These show that when the top is off, half the 

^^^ pressure is removed at the roost important part of the stroke. 

The diagram in Gg. 169 is from a goods engine working a train 
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load of thirtj-five loaded goods wagons, and was taken with a 
spring of 8 lbs. to 1 inch. The reduction of back pressure when 
the top is taken off is clearly shown by the full lines. 

Adams' Tortez Blast Pipe. — The vortex blast pipe designed by 
Mr. W. Adams, late of the London and South- Western Railway, 
is shown in fig. 170. Another example is shown in fig. 164. It is 
claimed that by this blast pipe the draught is equalised through all 
the tubes — ^tfaat is, the draught is distributed over the bottom as 
well as the top rows. The blast pipe is constructed so that the 
steam issues from an annular orifice, o, which terminates at the 
level of the top row of tubes. The entrance, D, to the interior of 




Fig. 170.— Adams* Vortex Blast Pipe. 

the annular space is made to face the lower tubes; so that the 
draught through them is greatly improved and the whole of the 
tubes share equally in the work of conveying the heated gases to 
the chimney. 

This arrangement allows the exhaust steam to be emitted at a 
lower velocity than in the ordinary blast pipe, and the area for its 
escape is so proportioned as to reduce the back pressure upon the 
piston to a minimum. 

The reduction in the velocity of the blast, accompanied by an 
equable action on the tubes, causes a more uniform flow of air 
through the furnace. No holes are formed even with a thin fire, 
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•and no large cinders are carried through the chimney, thus allow- 
ing spark arresters to be dispensed with. 

Another form of vortex blast pipe was patented bj the late 
Mr. Appleby of the Waterford & Limerick Railway, in which is 
combined the annular system with an adjustable arrangement. 

Steam Blower. — Attached to the boiler and connected to the 
smokebox by a pipe, E (fig. 164), generally ending in a ring round 
the blast-pipe top or cap, is a steam blower. This pipe is some- 
times simply bent, so that the steam escapes up the chimney in a 
jet. It is connected to a cock, F — called a blower cock — worked 
from the footplate by the engine-driver. It is chiefly for use for 
producing a draught when the engine is standing. It is also used, 
if required, when getting up steam, or when the engine is short of 
steanu 

Fireban. — ^These are made of cast iron, or of wrought iron, but 
generally of the former. They are fixed at the bottom of the fire- 
box above the ashpan. Tbey are wider at the top than at the 
bottom, so that ashes may fall through easily. When of cast iron, 
they are sometimes produced in pairs. In Great Britain they 
extend from front to back of the firebox, and rest on cast-iron or 
wrought-iron carriers. When double bars are used the central 
carrier is generally in the form of two wrought-iron plates rivetted 
together with ferrules, or distance pieces, between them. In 
America, the firebars are frequently placed so as to run transversely 
to the firebox from side to side. Rocking and water firebars — the 
latter for burning anthracite coal — are also frequently used there. 

The width of the firebars at the top is from i in. to 1^ ins., and 
at the bottom from ^ in. to 1 in. The air space, or distance 
between eacli pair of nrebars, varies from ^ in. to yV ^ ^^ ®^* 
periments made with different widths of air space in the same fire- 
box, \ in. air spaces gave the best result. The ratio of air space to 
grate area varies between 1 to 3 and 1 to 4. 

Brick Arch and Deflector.— As sufficient air is not admitted 
through the firebars to produce perfect combustion, a certain 
amount should be admitted above the fire. This is done through 
the firehole. In order to prevent the air thus admitted from 
passing directly through the firehole and across to the tubes, two 
appliances are commonly used. These are the deflector, or baffle, 
and the brick arch. The deflector is generally made of iron or 
steel plate, ^ in. or ^ in. thick, bent to the sweep of the firehole, 
and securea in an inverted position. In place of this, in some 
cases, the firehole door is made to open inwards, and thus form a 
deflector. 

The brick arch, made of a single row of firebricks, extends across 
the firebox, dose to the tube plate. The spring, or rise towards 
the centre, is about 3 ins., and the upward slope towards the back 
of the firebox is 1 in 3 to I in 4. As the gases arise from the fuel 
they are defiected by the heated arch. The cold air admitted 
through the firehole, being directed below the brick arch by the 



234 DESIGN AND CONSTRUCTION OF LOCOMOTIVES. 

baffle, also becomes heated before coming in contact with the firebox 
sides and passing through the tubes. 

Firehole Doors. — These are made, in various ways, of cast iron and 
of iron or steel plates. They are fi*equentlj in two halves, made to 
slide in opposite directions by means of levers, both sides being 
made to open at the same time. The opening for the admission of 
air can also be regelated in this way. Doors are also hinged at 
the top and made to open up ; others are hinged at the bottom and 
made to open down ; while some are fitted with louvres, so that a 
certain amount of air is admitted when the door is closed. 

Liquid Fuel Fittings. — Plate VI. illustrates an express passenger 
locomotive and tender designed by Mr. James Holden for burning 
liquid fuel. This locomotive is a standard express engine, and the 
whole of the liquid fuel apparatus is so arranged that it does not 
at all interfere with the use of the locomotive as an ordinary coal- 
burning engine. Indeed, the alteration from all oil burning to all 
coal can be made on one trip, if required. That is to say, the 
engine might start out burning all liquid fuel, and, supposing the 
supply to run short, could gradually take to ooal burning until 
solid fuel alone was being consumed. The change could, however, 
be made at once, if required. 

The liquid fuel burning apparatus is placed below the footboard, 
so as not to interfere with the ordinary working of the locomotive. 
The firebars remain, and are available for coal firing. The injectors, 
described later, face two holes provided through the firebox casing, 
about 12 ins. above the firebar level. These openings are formed 
by means of two short cylinders, the outer one being of copper and 
the inner of steel. The necessary holes being cut in the inner and 
outer boxes, the copper cylinder is driven in tight and the ends are 
flanged over on the outside. On the inside are two annular pro- 
jections, or collars, solid with the metal. The steel cylinder, or 
ferrule, which is a driving fit to the copper cylinder at its larger 
internal diameter — where the collars do not project — is then forced 
in, and as its external diameter is greater than the internal dia- 
meter of the flat ribs, or collars, the latter have to give way. The 
result is that the ribs are transferred from the inner to the out^r 
circumference of the copper cylinder simply by the pressure of the 
steel ferrule. The ribs are so distanced from the ends of the 
cylinder that when forced to the outer circumference they abut 
against the inner edges of the inner and outer firebox plates ; the 
edges of the plates being thus gripped between the outer flanges of 
the copper cylinder and these ribs. 

Extra firebrick is required in the firebox when burning liquid 
fuel on Mr. Holden's system, to form the wall shown beneath the 
arch. 

Referring to Plate VI. in greater detail, there is seen, at the 
upper part, the locomotive and tender in side elevation and in plan. 
At the left-hand side are shown a back elevation of the engine and 
a front elevation of the tender. Below are shown to a larger scale 
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details of the air and fuel injector, while at the centre are shown 
in detail the devices for regulating the fuel supply. 

The liquid fuel is carried in two cylindrical tanks, F', F'', on th& 
tender, with a combined capacity of 600 gallons. From these it i» 
conveyed by pipes and a flexible connection to the engine. Here 
bninch pipes, D', D", are provided to each burner, with regulating 
valves, C, CT, worked through spindles from a convenient position 
bjthe devices shown in the figures at the middle of the Plate. 
Idqnid fuel can be simultaneously admitted to, or shut off from, 
both injectors, B', B'", by one horizontal movement of the handle 
marked A, or the supply to either one of the injectors can be regu- 
kted and controlled by turning the milled heads, B. These lift the 
valves C, C, whereas the partial turn given by the handle A 
merely revolves the valve, as in the turning of the plug of a cock. 

On reaching the injector the fuel is sprayed by an internal annular 
steam jet. The steam, as it escapes from its orifice, to mingle with 
the fuel, sets up a strong induced current of air through the central 
tir tube. This induction of air is made use of to exhaust the air 
for the vacuuni brake, a continuous vacuum of 22 inches being 
maintained. 

By means of a cock, L, the air-suction pipes can be put into 
communication with air-heating coils, J, in the smokebox, tbua 
■applying hot air to the centres of the injectors for the com- 
bustion of the oiL The fuel spray escaping from the nozzle of the 
injector is further atomised by small jets of steam escaping from 
the ring surrounding the burner, as seen in the section-plan at the 
bottom of Plate YI. At the same time this ring acts as a blower, 
inducing a current of atmospheric air which tends towards com- 
plete combustion, and further spreads and diffuses the flame and 
heated gases over the firebox. 

Steam is obtained from a fitting on the firebox front, having an 
internal pipe leading from the dome. This is provided with four 
cocks marked 1, 2, 3, 4 ; one for supplying steam to the central 
jets of the injectors ; one for the ring blowers ; another for steam 
for warming the coils, I, in the oil tanks ; and the last for allowing 
a steam jet to enter the oil pipes for cleaning purposes. 

The usual practice on the Great Eastern Railway is to keep the 
firebars covered with an incandescent base of solid fuel, the com- 
bustion being limited by partially closing the dampers. 

The liquid fuel consists of oil, coal-gas tars, creosote oils, or 
petroleum residues. With any of these, if fair examples, 1 ton 
will nearly replace 2 tons of coal. This difference in favour of the 
oil fuel is not only to be attributed to its higher calorific value, but 
also to the fact that very complete combustion can be secured, and 
no unnecessary air need be admitted at the fire-door, as usually 
occurs at intervals of firing with a coal fire. Further, the fire can 
be exactly regulated to meet requirements. 

The liquid fuel burners — for a month's average of over 300O 
miles — bum : — 
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oal for lighting up, standing, &c., . 11*8 lbs. per mils 

iquid fud, running, 10*5 ,, „ 1 



Coal 
liquid 



Total, 22-3 
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This compares favourably with a consumption of 34 lbs. of 
similar engines on the same service. 

INDEX TO PLATE VL 
1, 2, 3, 4 Steam fitting with four cocks, supplying — 

1, Steam to warming coils in liquid fuel tanks. 



2, 
3, 
4, 



II 
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II 



ring blowers on injectors, 
centre jets of injectors, 
for cleaning liquid fuel pipes and injectors. 



A Handle for operating both fuel valves simultaneously. 
B Milled heads for operating fuel valves separately. 
B', B" Combined liquid fuel injectors and air ejectors. 
C, C Liquid fuel regulating valves. 
D,' D,' D*' Liquid fuel pipes with cocks on tanks at E', E*. 
F, F, F* Cylindrical fuel tanks. 
(I, G', G" Filling holes with strainers. 

H Pipe connecting cock L to air-heating coils. 
H', H" Air inlets. 

I Steam warming coils. 

J Heating pipes for air feed to centre of injectors, conducted al( 
pipe, H. 

L Cock for connecting fuel injector air-supply pipes either 
vacuum pipe or directly to the air-heating coils, J. 

M Liquid fuel gauge. 
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CHA.PTER XV. 

BOILER MOUNTINGS. 

CoNTiNTS. — ^Blow-oflf Cocks, Mud Plugs — Water Gauges — Pressure Gauges — 
Safety Valves — Regulators — Steam Pipes — Injectors — Whistles — Hiand- 
rails^^-Sand Boxes— Steam Sanding Apparatus. 

The boilers of locomotives have a varietj of mountings and fittings 
attached to them in addition to those already described. Of these,. 
the present chapter will deal with blow-off and cleansing fittings, 
water gauges, pressure gauges, safety valves, regulators, steam 
pipes, injectors, whistles, hand-rails, and sanding appliances. 

Blow-off Cocks, Mud Plugs. — Blow-off cocks are provided for 
letting the water out of the boiler, and allowing loose dirt and scale 
to pass out with it. They are usually fixed at the bottom of the 
firebox in front, but sometimes they are placed at the sides or back. 
To permit of a more thorough cleansing of the boiler than is 
possible with the blow-off cocks, screwed taper plugs are also pro- 
vided. These plugs are made of hard brass, and have square heads. 
They are fitted in several different positions in the back plate, 
throat plate, and front tube plate. There are usually nine in the 
back plate, two in the throat plate, and eight in the tube plate. 
Their purpose is to enable the boiler to be properly washed out, and 
to permit of the insertion of rods for removing the accumulated 
scale and dirt. They have a diameter of 1| ins. at the point, and 
have a fine thread of 12 or 14 threads to the inch. On some lines 
— ^where the water is very bad — wash-out holes with covering plates^ 
are provided at the bottom of the firebox on each side and at the 
front and back. 

Water OaugeB. — ^Nearly all locomotive boilers are fitted with two 

aets of gauges for showing the level of water in the boiler. As the 

indications ought always to agree, each acts as a check on the other; 

and, in the event of one failing, the other is still available for the 

oompletion of the journey. The lower cock should be so fixed that 

the whole of the glass above the nut may be above the level of the 

crown of the firebox. The glass should have a range of about 4 ins. 

and should be | in. in diameter. It has been found difficult to 

keep the pings of the cocks tight. In order to overcome this, they 

tre packed with asbestos. The glasses of the water gauges are also 

liable to break, and there is some difficulty in shutting them, owing 

to the escape of water and steam at high pressure. In order to 

deal with this difficulty, automatic valves have been devised, which 
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will shut off with the rush of waUr that takes place when the glkn 
bi-eaks. Fig. 171 showg the details of the valve. In this, the valve 
19 accessible for examination. The cap, D, ntAy be unscrewed, and 
the support, C, that holds the ball can then be taken out. The 
pressure Id the glass tube being the same as that in the boiler, the 
ball normally remains in the support O ,' but should the glass break, 
the ball is forced b; the pressure in tbe boiler against the seating 
at the bottom of the glass. 

Water gauges may have either flanges or screwed ends for fixing 
them to the boilers, but flanges are preferable. These are usually 
fixed with four J-in. or |-in. studs and uuts. In addition to the 
flange, there is a spigot 1 in. in dia- 
meter which enters the hole on tbe 
back plate. 

PreBBnre Oauges. — The pressure of 
steam in tbe boiler is indicated on a 
gauge, of which examples are shown in 
figs. 173, 173, and 174, generally fixed 
on the weatlier-board or front plate of 
the cab in front of the driver. The 
presBiire in lbs. per square inch is marked 
in black figures on a white dial (fig. 172). 
Inside the case of the pressure gauge, if 
made on the Bourdon system, is a curved 
solid drawn tube of a 3a,t oval section, 
disposed as in the examples in figa. 173 
and 174. The steam is carried from the 
boiler by a 1^ in. copper pipe formed into 
a syphon before being attached to the 
giiiige. The pressure of the steam in the 
tube in tbe gauge case causes it to be- 
jj come more circular and to straighten 
out, thus moving the needle on the dial. 
The greater the pressure the more the 
tube straightens, and the larger the 
movement of the needle. 

Safety Valves.— On every boiler there 
should be at least two safety valves, 
which must aot readily and rapidly. 
Two kinds are chiefly in use ou loco- 
motive boilers. One of these is the 
Ramsbottom duplex safety valve seen. 
Fig. 171.— Water Gauge ^°' example, at O, Plate 1. These are 
HhowiDK SeU-cloaing made sometimes with brass columns. 

Ball Valve. sometimes with cast iron ; when of the 

latter, they are fitted with brass valves and seats. One arm of 
the lever through which the spring acts on the valves is pro- 
longed, so that either of the valves can be eased slightly in order 
tol^test their working. The other kind of safety valve is that 
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Fig. 172.— Praasure Qauges. 
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Figs. 173 and ITi.-^MechaDUm of Pressure Gauge. 
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in which a spring balance at the end of a lever ia used in place of 
the deadweight spring in the Bamsbottom valve. One ena of the 
lever is fulcrummed at a short distance from the centre of the valve, 
and the spring balance acts with a long leverage on the other end. 
A ferrule stamped with the working pressure should be placed on 
the screw after the balance has been adjusted. 

To determine the area, A, necessary for a safety valve in square 
inches — 

' ^ 0-6 H 

where H » heating Burface in square feet^ 

P = absolute pressure in lbs. per square inch. 

The areas thus found are minimum areas, and it is desirable 
that they should be exceeded by at least 50 per cent, for all main 
line engines. 

The diameters of safety valves on modern locomotive boilers 
vary from 3 ins. to 3^ ins. 

Begulators. — These are made of cast iron or brass, and are 
placed either in the dome or in the smokebox. In the latter case 
they are attached directly to the steam pipes. They should be so 
constructed that the quantity of steam admitted to the steam pipes 
can be regulated easily. 

In Plates I. and II. is seen a type of regulator commonly 
employed. In this form, which is fixed in the dome, there are two 
flat slide valves; one— the smaller — sliding on the back of the 
larger, which works vertically over a ported face on the regulator 
body. The movement of the regulator handle operates the smaller 
valve first; the larger, being thus equilibrated, is then easily 
adjusted. To permit of the one valve being moved before the 
other, the pin of the operating link or rod closely fits a hole in 
the small valve, but passes through a slotted hole in the larger 
one. Another type (hg, 175) has a double-seated valve, A, fixed 
vertically in the dome at the head of the regulator. When these 
valves are raised the steam passes into the steam pipe. The lower 
valve is smaller than the top one. 

When the boiler has no dome, a regulator, similar to that shown 
in fig. 176, designed by Mr. J. Stirling, is used. This is fixed in 
the smokebox with the two slide valves. A, B, working horizon- 
tally. The cast-iron head is attached both to the tube plate at the 
end of the internal steam pipe, C, and to the steam pipe, D, in 
the smokebox, which leads to tbe steam chest from a flange on the 
regulator. Double-seated valves, such as those mentioned above, 
are sometimes used in regulators fixed in the smokebox. 

The regulator spindle is brought through a stuffing-box fixed on 
the back plate of the boiler, and a handle — of which there are 
many forms — ^is fixed on the. end. These handles are sometimes 
double, and may be disposed either horizontally or vertically. The 

16 
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Fig. 170.— Double S«at Regalator. 
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are* of the openme of the regulator Talve at the entrance to the 
steam pipe should be — 

— where D = diameter of cylinder. 

siMB itecBMdt VbML Steam Pipea— The in- 

ternal ateam pipe is in 
moat caaee carried to the 
regulator in the dome, 
BO as to get the steam as 
dry aa possible ; it is 
about 6 or 7 S.W.G. in 
thickness, and varies in 
diameter from 4 ins. to 5 j 
ins. In boilers without 
domes the pipe is carried 
the entire length of the 
boiler, and has holes or 
slotsinthetopofit. The 
regulator spindle in this 
case rests on two or more 
pieces brazed to the in- 
side of the pipes. The 
steam pip<!B in the smoke- 
box, of which there are 
twofor outside cylinders, 
as seen at Q, G in fig. 1 64, 
are connected with the 
tee piece on the tube 
H" plate, and extend to seat- 
Mi ings on the top of the 
steam cheat. One steam 
^ pipe only is used in most 

cases with inside cylin- 
ders. The smokebox 
steam pipes are curved 
to theradiuBof the smoke 
box so as to clear the 
tubes. They are gene- 
rally made of copper, as 
they are exposed to 
changen of temperature 
and subjected to a great 
deal of expansion and 
contraction. In Amer- 
ica, cast-iron steanL pipes 
with spherical joints are 
commonly used. 
Injectors. — For feed- 
Fig. 178.— Qiffard'B Injector. ing the boUera, injectare 



GEMENI OF INJECTOES. 



/ 



BOILER MOUNTINGS. 245 

are generally employed, althougfa on Bome railways pumps are still 
in use. Ttro injectors should be fitted to each engine, one on each 
side, aa shotrn in fig. 177 (see Ft&te), which illustrates a suitable 
mode of application of Qresham's combination injectors to be pre- 
sently described. There are many kinds of injectors, all — for 
many years — called after Qifikrd, the pioneer inveator. Id t^e 
injector, steam and water, admitted to the casing by different 
braoches {fig. 178), are led separately into concentric qozzIob, in 
issuing from which they mingle in a single jet. The steam onder 
these circumstances, it is found, will force the water into the boiler 
against a pressure equal to, or even greater than, its own. The 
iteum entering the injector and passing through the cone at a very 



Fi^ 179. — Dewiance's Injector. 

high velocity is condensed on coming into contact with the water. 
The vacuum formed by the condensation of the steam causes the 
water to rush into the injector, and the water is then carried hy 
the impact of the jet of condensed steam into the boiler. 

The action of the injector is dependent upon the condensation of 
the jet of steam. But this, in tarn, ie dependent upon a continual 
supply of water of sufficiently low temperature. Means must be 
provided, therefore, to permit, at starting, the steam and water to 
M»pe freely, until the combined jet acquires momentum enough to 
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enter the boiler ; otherwise, steam and hot water would accumulate- 
in the injector, and condensation of the jet of steam would accord- 
ingly be prevented. This accumulation is guarded against by the 
provision of overflew openings at the throat — or smallest portion — 
of the combining ttibe, or conical nozzle in which the steam and 
water mingle. 

A compact design of injector — Dewrance's — with a removable 
cover, which can be taken off when the cones require examining or 
cleaning, is shown in fig. 179. 

For working injectors of the above classes, the valve or cock 
supplying steam to the injector from the boiler is first opened. 
Then the water supply inlet is o^iened about' half way by means of 
the graduated hand wheel on the injector, or by the cock on the 
water supply pipe. Next, the steam spindle — in the case of lifting 
injectors, or the cock on the steam pipe in the case of non-lifting- 
injectors— is opened until water issues freely from the overflow 
pipe. The steam valve of cock is then opened to the full extents 
If water continues to issue from the overflow pipe, the water supply 
is regulated by means of the graduated hand wheel on the injector, 
or the cock on the water supply pipe, until the overflow ceases. 

In fixing the injectors the pipes should be Dot less than — 

1 in. internal diameter for Nos. 4 and 5. 
11 ins. „ „ 6 „ 7. 
1^ ms« ,1 ,, o ,1 9« 

2 ins. ,, ,, 10 ,, 11. 



II 11 *v II 



Quick curves or sharp bends should be avoided in all the pi|>e8. 

Ordinary lifting injectors may be placed either above or below 
the water supply ; if above, the distance must not exceed, for No. 
3 injector, 4 ft. ; No. 5 injector, 5 ft. ; and so on up to 12 ft. 

Non-liftiug injectors must be placed either below or on a level 
with the water supply ; both these and the lifting may be fixed 
either vertically, horizontally, or in any other position. The water 
supply pipe should have a rose attached to the end of it, and must 
be perfectly air tight. 

A back pressure valve — clack box — must be placed on the delivery 
pipe between the injector and the boiler ; also a valve or cock on 
the steam pipe, and also on the water supply pipe. 

Automatic Re-starting Injectors. — In the early stages of the de- 
velopment of the injector a difficulty was found, not only in starting 
the action, but also in maintaining it with certainty. To overcome 
this difficulty various forms of automatic or re-starting injectors 
have been invented. The essential feature in these is the pro- 
vision of some device by which an additional overflow outlet is 
automatically opened whenever an interruption in the action of the 
injector occurs. Figs. 180 and 181 illustrate two examples of 
Gresham and Craven's self-acting re-starting injectors. In these^ 
the combining tube is divided at about the middle of its length 
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into two portioDB, A, B ; and the iower portion B is made capable 
of gliding lei^hwise. When the injector is working normally, tbe 
effect of the pressures acting on the movable portion of the tnbe is 
to cause it to close up towards the fixed portion A. But when the 
jet, for any reason, fails to enter tbe boiler, the tube B slides back, 
(bnnii^ a gap between the two portions, and allowing a free vent 
to the Bteam until the proper action of the injector is re-established. 
Self-acting injectors are now very much used. They possess 
many advantages over other kinds. Their simplicity of construc- 
tion recommends them. They are automatic, requiring no 
regulation of steam, and start working immediately the steam and 
w^er cocks are opened. They will work equally well either above 
or below the water supply, and will lift the water 10 ft. or 20 ft.. 



— i 



I I 



Fig. 180. Fig. 181. 

Greaham and Cravea's Re-starting Injectors. 

''^ordinB: to their size and the pressure of the steam. They may be 
filed either vertically, horizontally, or at an angle, A further 
Si^ advantage is that the cones may be taken out and cleaned 
without breaking any pipe joints. 

^. 1S2 shows another form of self-acting injector known as 
'^^^tn's patent combination injector. Injectors of this kind are 
fixed on tiie back of the firebox. They are designed so that there 
M only one connection to the boiler; there are no pipes inside or 
outside the boiler exposed to pressure ; all the cones of the injector 
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CMi be removed for cleaning, by uDHcrening the cap A, whilst the 
boiler u under presBure. They have the folloiring valTeB aelf-oon- 
tained ; — steam valve, back-pressure valve, cl&ck box, stop valve, 
wat«r regulatinji; valve, and warming cock. 

Exhaust Iqjectors. — ^The exhaust steam from the oylinden has 
also been made use of, either alone or jointly with live steam, for 
injecting the feed water into the boiler. 

An improved injector of this kind — Davies and Metcalfe's 
patent—called an exhaust steam injector is used on several loco- 




Fig. 1S2.— Greeham's Combin&tian Injector. 

motives. It works partially with exhaust steam and partially with 
live steam. 

These injectors are made in different forms. They are sometimes 
in two parts, the first portion only (fig. 183) being wtu-ked with 
exhaust steam. This takes the feed wster from the tender or tank 
at the ordinary temperature, and beats it up to nearly boiling point. 
In addition to heating the feed water, a presanre of 70 lbs. per square 
inch is given to it. The water is delivered at this pressure and the 
temperature mentioned to a supplementary injector (fig. 184) worked 
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Fig. 1S3.— Exh&OBt Injector (Exbaoit Portion). 



Fig. IM. — Exhaoat Injeotor (Sapplementsr]' Portion). 
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with boiler steam. This injector is stated to heat the wa 
temperature of 270'' F., and at this temperature it enters the 

Automatic action is attained in this form of injector b 
manner in which the combining tube is constructed. This t^ ^ N D I 
divided longitudinally into two parts, which are hinged tq 
When the apparatus is working normally, the combining tu 
as though undivided ; but when the jet breaks the two parts 
so as to afford the temporary free outlet requisite for the re- 
lishment of the injecting action. A small tube extends fro: 
supplementary or live steam portion to the exhaust portio; 
enabling live steam to be supplied in small quantities to the ' 
when the engine is standing. 

A modification of the supplementary portion has been d 
to fit on the back of the firebox in the same manner as that 
in ^. 182. 

Fig. 185 shows another form, combining the two injectors in 
casing. 




-■«aia?^. 
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Fig. 185. — Exhaust Injector (Combined Exhaust and Supplementary Portion) 

For working the self-acting injector, the steam and water suppl] 
are opened by means of the valve or cock provided for the purpose* 
If there is any overflow the water must be regulated by means ol 
the valve on the supply branch until it ceases. The injector is then] 
at work. 

For the efficient operation of an injector, a supply of dry steam 
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Fig. 186 — Grease Trap or Separator. 



is a necessity ; also a continuous water supply which must not 
exceed 120' F. for self-acting, or 130° F. for other classes. 

As in many trials with exhaust injectors it has been found that, 
owing to the exhaust steam being saturated with oil from the 
cylinders, the feed pipes become choked up, a separator or grease 
trap is provided (fig. 186) 
which purifies the steam be- 
fore it enters the injector. 

Whistles are of various 
forms, some having bells, 
others tubes. Their purpose 
is to enable the engine-driver 
to attract the attention of the 
signal-man, guard, or shunter. 
They are made of brass, and 
are generally fixed in front of 
the weatherboard of the cab 
on top of the boiler, close to 
the engine-driver. The steam 
should be taken from as high a 
place as possible so that it may 
be free from water. On some 
railways each engine is fitted 
with two whistles. 

Handrails of round iron tubing 1^ ins. diameter are fixed along 
the sides of the boiler and front of the smokebox. They run 
through handrail pillars fixed to forged brackets which are studded 
to the boiler. 

Sandboxes, made of cast iron and perfectly dry, are )>rovided on 
each side of the engine in front of the driving-wheels. They are 
arranged so that the valves can be worked simultaneously by 
suitable gearing from the footplate. Curved pipes of I7 in. inside 
diameter are fixed under the valves so that the sand can descend 
gently within — say — 3 ins., or as close as possible, in front of the 
wheels. The sand should be dry, clean, and sharp. 

Steam Sanding Apparatus. — Gresham's patent, illustrated in figs. 
187, 188 (see Plate), is now a great deal used. By means of this 
apparatus a combined jet of steam and sand is projected on to the 
rail at the point of contact between the wheels ar)d rails. It is 
claimed that the tractive power of an engine is thereby greatly 
increased, particularly with single driving- wheels, owing to the 
better adhesion. The steam should be perfectly dry. The sand 
trap should be fixed in such a manner as to allow of easy examina- 
tion, and the sand pipe must in no case be inclined at a lesH 
angle than SO** with the rail 

The ejector should be directed as near as practicable to the point 
of contact between the wheel and the rail, and should clear the rail 
by not less than 1| ins. 

In figs. 187 and 188 the parts which appear in both figures are 
similarly lettered. 
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CHAPTER XVI. 



TENDERS. 



Contents. — Standard Tender — Tenders with Wat/er Piok-up Apparatu: 
Tenders for Liquid Fuel Engines — Principal Dimensions of Typi< 
Tenders. 



^. 



The tender, as the name implies, is a separate carriage attached 
the locomotive for carrying the fuel and water required. Befoi 
the introduction of continuous hrakes, the hrakes on the tendi 
were the chief means for stopping the train, all the tender whee] 
being then, as now, fitted with brake blocks worked by means 
a screw. This screw is mounted in a column, generally bolted 
the footplate, and situated close to the fireman, whose duty it 
to work the brake. Even with the continuous brakes now 
general use, the hand brake of the tender can still be work< 
independently, and in conjunction with the continuous and aul 
matic brakes. 

The tender should be designed as simply as possible. Broadlyj 
it consists of the under frame and the tank or body. The latter 
made in a variety of forms, and, on some railways, of great sii 
In some cases the tender is made to contain as much as 40( 
gallons of water, and, lately, even this has been exceeded. 

Standard Tender. — The tank plates are of iron or mild steel, the{ 
sides being about \ in. thick, and the bottom, generally forming the 
footplate of the tender, ^ in. or g in. thick. The top plates are 
generally ^ in. thick, the fuel being carried on the top. The tank 
should be properly stayed by angle-irons and plates. At the top 
of the tank is a manhole or tank filler, about 1 ft. 6 ina diameter, 
on which is fitted a proper cover or lid. Into this hole a sieve or 
strainer is dropped, so that no pieces of wood, stone, coal, or dirt 
may get into the feed cocks. Some tender tanks, when large quan- 
tities of water have to be carried, are made with wells about 1 fL 
or 1 ft. 6 ins. deep. 

The frames, cross-stays, and buffer plates are generally of mild 
steel of the same quality as the engine main frames. They are 
usually f in. thick, but a few tenders have frame plates | in. thick. 
The cross-stays and buffer plates are planed to the exact length 
and are rivetted to angle-irons and to the frames. The buffers 
fitted to the trailing end are similar to those fitted to the engine. 
At the front — where the engine is attached to the tender — is a 
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Strong forged draw bar and two safety bars, links, or chains. Two 
short buffers are also provided, having springs of steel — laminated, 
volute, or spiral — or of india-rubber. These should be under com- 
pression when the engine and tender are coupled up, so that the 
latter may be close together without play. The wheels, axles, tyres, 
and springs are of the same material and fitted similarly to those 
of the engine, the same rules as to design and method of construc- 
tion holding good in both cases. 

The horn blocks are of cast iron or cast steel planed and bolted 
to the frame, and fitted with homstays. The axle-boxes, usually 
outside the wheels, are of cast iron, with bronze, gun-metal anti- 
friction lined bearings. They have cast-iron keeps generally pro- 
vided with lubricating pads. They frequently have wrought-iron 
tops to carry the springs. 

Two cast-iron sandboxes are fixed in front of the tender, with 
curved pipes leading down to the wheels. 

Two feed cocks are fixed at the bottom of the tender tank or 
well, having a sieve fitted over the outlet, with two copper pipes of 
2 ins. or other suitable bore to connect the feed cocks with the 
flexible hose or stuffing-boxes on the engine. These pipes must be 
suitably stayed by clips. 

Steam, automatic vacuum, or Westinghouse brakes are fitted, 
but are only supplementary to the hand brake, which must always^ 
be used when stopping at a terminus or a station at a junction. 

The standard tender for express and goods engines on the London 
and Chatham and Dover Railway is illustrated in Plate YII. 

INDEX TO PLATE VU. 



A Tank. 

B Manhole or tank filler. 

C Well. 

D Tank slays. 

£ Main frames — outside wheels. 

F Cross-stays. 

G Buffer plates. 

H Front buffers and springs. 

I Draw-bar. 



J Homblocks and axle-boxes. 

K Feed pipes. 

L Feed cocks and handles. 

M Hand-brake screw and handle. 

N Brake lever. 

O Brake cylinder. 

P Brake or main pipe. 

Q Triple valve. 

R Auxiliary reservoir. 



Tenders with Water Pick-up Apparatus. — The tender used for 
the passenger and goods engines of the Lancashire and Yorkshire 
Railway, shown in Plate YIIL, is fitted with water pick-up scoop 
worked by Mr. Aspinall's patent vacuum arrangement. 

One portion, A, of the water delivery pipe is securpd to the 
underside of the tender and stnyed by rods A' ; and another part, 
B, forming a continuation of the lower portion is secured by a 
flange to the upper side of the bottom of the tender. The upper 
end of the latter is turned downwards and discharges into the tank. 
The scoop, C, is jointed to the lower end of the pipe A, being 
carried on a shaft having bearings in castings, D, attached to the 
pipe A. For enabling the scoop to be raised or depressed, as< 
required, the sack or diaphragm cylinder, E, is provided. This is- 
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closed at both ends, and the rod connected to the scoop has 
bellows sleeve similar to those used for the vacuum brake. Pipei 
F, lead from the cylinder E to a four-way cock, G, connected to th« 
vacuum chamber, H, by which the action of the cylinder is easily 
controlled. 

These tenders have : — 



Tank capacity, 
Fuel, 

Wheel base, 
Diameter of wheels, . 
Weight in working order, 



1800 gallons. 

3 tons of coaL 
10 ft. 6 ins. 

3 ft. 7ji ins. 
26 tons 2 cwts. 2 qrs. 



As there are tenders running in this country carrying 4000 
gallons of water — which means hauling a great weight — ^particular 
Attention is called to these tenders. The water pick-up apparatus 
is used also on the London and North-Western, the Great Western,, 
and the Great Eastern Railways. It necessitates a trough being 
laid down between the rails from 400 to 500 yards long, and of the 
section shown in Plate YIII. There is no doubt that as the weights 
of trains and the lengths of runs without stopping increases, this 
arrangement will come more into use. 

Tenders for Liquid Fuel Engines. — ^The tender for the liquid fuel- 
burning express engines on the Great Eastern Railway has been 
illustrated in Plate YL Two cylindrical tanks are provided in 
these for storing the liquid fuel, of an aggregate capacity of 600 
gallons. These are placed on top of the tender, one on each side, 
•extending the whole length. The cylinders are fitted with filling 
holes with covers and strainers, also with air-inlets, steam warming 
coils and gauge glasses. In other respects these tenders are of the 
usual design and construction. 

Principfld Dimensions of Typical Tenders.— Particulars of the 
tenders for the express and goods engines on the South-Eastem 
Railway are given below : — 



Particulars. 



Taiik. 

Capacity of tank, 

Fuel space, ....... 

Thickness of plates (sides, ends, and bottoms), 

(top), .... 



)> 



t) 



W?ieds {cast steel). 

Diameter of wheels on tread. 

Thickness of wheels (tyres), 

Centre to centre of front and middle wheels, 

,, ,, middle and hind 

Wheel-base, .... 



)} 



Oooda Tender. 



2100 gallons. 

3 tons coal. 

J in. 



A in. 



3 ft. 9| ins. 
„ 3 „ 
6 „ „ 
6 „ „ 
12 ,. „ 



Expreaa Tender. 



2650 gallons. 

4 tons ooaL 

J in. 



4 ft. ins. 

„ 3 „ 

6 „ „ 

6 „ „ 

12 ., „ 



IE 



CspS' 





• f»9h 




a5I 

a. .4 ^ 
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PiutlculAn. 



AxUs. 

Centres of bearings, . 

Length „ 

Diameter „ 

at wheel seat, 
at centre, . 



99 



Frames PlaUa {sted). 

Distanoe between frames, . 
Thickness of frames, . 



Bearing Springs. 

Length (centre to centre), .... 
Number of plates (1 plate i in. thick, and 

12 plates I in. thick x 4 ins. broad). 
Camber (loaded), 

Weight in Working Order, 

Front wheel, 

Middle 
Hind 






Total, 



Ooodi Tender. 



6 ft. 4 ins. 
„10 „ 
„ 6 „ 
„ 6i „ 
„ 5J „ 



6 „ 7* „ 

„ in 



3 „ „ 
13 Plates. 

3} ins. 



Tons. 
9 
9 
9 



Cwte. 

5 

1 

17 



28 



3 



BxpreM Tender. 



6 ft. 4 ins. 
„10 „ 
„ 6 „ 
„ 6i „ 
»» 5j „ 



6.. 74 
., i „ 



99 



3 „ „ 
15 Plates. 

4^ ins. 



Tons. 
10 
10 
10 



Cwta. 
6 
1 
3 



30 



10 



On the Highland Railway the tenders for the express engines 
bave four bearings — ^two outside and two inside — to each axle. 
The wheels are interchangeable with those of any of the tenders 
in use. The following are the leading particulars of the passenger 
and goods engine tenders : — 



Farttcalan. 


Passenger Tender. 


Goods Tender. 

3000 gallons. 

13 ft. 

3 ft. 9i ins. 

36 tons. 


Tank capacity, . 
Fael capacity, . 
Wheel base. 
Diameter of wheels, • 
Weight in working order, . 


2250 gallons. 

4j tons of coal. 

13 ft. 

3 ft. 9^ ins. 
31 tons 10 cwts. 



The Great Eastern Railway standard tenders have : — 



Tank capacity, 
Fuel capacity, . 
Wheel base, 
Diameter of wheels, . 
Weight in working order. 



2640 gallons. 

3 tons of coaL 
12 ft. 

4 ft. 1 in. 

30 tons 12 cwts. 2 qrs. 
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In America the tender frames and tanks are mounted on two 
four-wheel bogies, similar to those used for the engines there, 
excepting that the axle-boxes are outside of the wheels. The 
water pick-up arrangement is also used on some of the American 
lines. 

The disposition and mode of fitting the automatic continuous 
brakes is faWj described in the chapter on Brakes (chap. xvii.). 
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CHAPTER XVII. 



RAILWAT BRAKES. 



Contents. — ^Brake Pressure and Strains on Brake Rig^g-— The Vacuum 
Automatic Brake^The Westinghouse Automatic Brake. 

The importance of the railway brake has greatly increased during 
the last few years, owing to the considerable augmentation that 
has taken place in the speeds and weights of trains. Brakes, indeed, 
are worthy of the most careful attention, as on their certainty of 
action depends the safe running of express trains at high speeds. 
When the trains are fitted with an efficient brake, a greater number 
can be mn over the same line, and there is also much saving of 
time with stopping trains at each halt. 

In the early days of railways, the only brake power available for 
stopping the train was the hand brake on the engine or tender, 
and the brake power of one guard's van. As the trains became 
longer this was increased to two or more guards' vans. 

With the extension of railways and the growth of traffic, acci- 
dents occurred, which, it was considered, would not have happened 
if the trains could have been stopped more quickly. This led to 
the invention and development of continuous and automatic brakes 
which have proved highly efficient. 

Brake Pressure and Strains on Brake Rigging. — Before entering 
upon a detailed description of the principal forms of modern railway 
brakes, the method of estimating the necessary brake power and 
the dimensions of certain parts of the brake rigging or apparatus 
will be explained. 

Figs. 189 and 190 show in diagrammatic form the principal forms 
of brake gear used on locomotives. Brake blocks are sometimes, 
however, applied to both sides of the wheels, and, occasionally, the 
blocks are ap'plied between the wheels only. This is the case in 
four-coupled engines, for example, where the form of gear known 
as the <* toggle joint" is sometimes employed; but this is falling 
into disuse owing to the strains brought upon the coupling-rods. 
The application of the brake in such cases tends to force the wheel 
centres apart, and the coupling-rods accordingly may be subjected 
to dangerous stresses. 

In the calculations below, the dimensions of the parts are assumed 
to be those indicated in the figures. The lengths of the arms of the 
brake-lever, for instance, are respectively B and 0, the length of 

17 
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the brake hanger is D, and the distance of the centre of the brake- 
block pin from the end of the hanger is E. Also A is the area of 
the brake cylinder, p the effective pressure in lbs. per square inch, 
and P the total brake pressure. 

A maximum limit is set to the useful brake pressure — that is, 
the aggregate pressure exerted by all the brake blocks against the 
wheel tyres— by the total weight of the engine, engine and tender. 





Fig. 189. 






Fig. 190. 





or train as the case may be. For, supposing the coefficient of 
friction between the wheels and brake blocks to be about the same 
as that between the wheels and rails, any brake pressure in excess 
of the weight of the train would obviously skid the wheels. 

The wheels of a train, however, should never be allowed to skid, 
that is to say, become locked to the brake blocks ; for in that case 
the retarding friction is considerably decreased, owing to thero then 
being only sliding friction between the wheels and rails instead of 
rolling friction. 

Now, a brake is most efficient when it is acting at a maximum 
pressure without skidding the wheels. It should be applied imme- 
diately at this maximum pressure — which depends upon the speed 
of the train at the instant of application — and should gradually 
diminish in accordance with the consequent reduction in speed. 
Otherwise, th^ brake pressure which would not be sufficient to skid 
the wheels at the higher speed would easily do so at the lower 
speeds. 
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It is the usual practice, in view of these considerations, to take 
not less than 75 per cent of the weight of the carriages as brake 
force or pressure, and not less than 40 per cent, of the weight in 
the case of engines and tenders. 

Keferring again to figs. 189 and 190, it will be seen that the 

brake pressure P = ^ — , 

where, for the Westinghouse brake, p ^ SO ; for the steam brake, 
p « 100 ; and for the vacuum brake, p « 10^. 

In the case of a hand brake, with a hand wheel and screw 
applied to the end of the brake lever instead of the cylinder 
indicated in fig. 189, we have 

185 r B D 

where q is the pitch of the screw, and r the radius of the handle, 
both in inches. 

By the aid of the above, the dimensions of the brake hangers 
and levers can be determined, since the loads they have to sustain 
<:an be easily calculated. If P be the total brake pressure or load 
as found above, and n the number of brake hangers, then for the 
brake hangers we have 

p J^(«^-c£3)D5000 
n "" (D"^E)"E 

where to is the width and b the breadth of the hanger, and d the 
diameter of the pin. 

For the brake levers, the load W = ^-—z: — + p A, and for strength 

wo must have i ^ / • j«v kaaa /n t>v 

i — (v^- d^) 5000 (C + B) 

W = -^^ ,^ • 

CB 

In determining the diameter of brake shafts where the load is 
applied close up to the carriers, the shaft need only be made strong 
enough to resist the torsion. 

T 
Hence 2240 "= ^' 

where T is equal to 80 A B, 100 A B, and 10^ A B for the 
Westinghouse, steam, and vacuum brakes respectively, and d is 
the diameter of the shaft. 

ft If however, the power is taken from the shaft somewhere about 
its centre, the shaft should be made strong enough to resist the 
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bending Btresa brought upon it owing to the manner of spplication 
of the load. In general, under these conditions, we should have 
T 
1700 " 



'd'. 



In the case of a hand brake, where q is the pitch of tbe screw, 
«nd r the radius of bandies, both in inches, the twist on the 
brake shaft is 

T-  

9 
We new proceed to a description of the two automatic and 
contanuons brakes almost exclnBiTel^ used in Great Britain 
and the Colooiea, on tbe Continent, and in the United States. 
These are tbe Vacuum Automatic Brake and the WestiughouBe 
Aotomstic Brake. 




Pig. 192.— Vaounin Aatomatio Brake ; Arrsngement on Teoder. 



A'Steam screw stop vslve. 
B [Combination ejector. 
C ; Brake cylinder. 
B BaUrslve. 
El Drip tn{>. 
FiHoM pipe and o< 
0>yacaiuD gauge. 
H. Train pipe. 



Indsx to Fios. 191, 192, and 193. 
Vacuum Automatic Brake. 

I Pipe to voouom chamber on tender. 

J Taounm chamber. 

K Vacuum valve (Onard'a). 

L Engine and tender Teleaee lerer. 

M Br&e lever, 
iplinga N Brake hangers. 
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The Yacunm Automatic Brake — General Description, — The arrange- 
ment of this brake on an engine is shown in fig. 191, and on a 
tender in fig. 192. Fig. 193 is a somewhat diagrammatic repre- 
sentation of the principal parts to a larger scale, intended to 
exhibit its action. 

This brake stops the train bj the application of brake blocks to 
the tjres, in the same way as the ordinary hand brake. The levers, 
M, however, which apply the blocks, O, are moved by a piston in a 
cylinder, C, this piston deriving its power from the pressure of the 
atmosphere acting against a partial vacuum. This form of brake is 
continuous, each vehicle carrying its own brake cylinder, which is 
connected to a pipe, H, called the train pipe, running from end to 
end of the train. Through the medium of this pipe the action of 
the brake cylinders is controlled. 

A combination apparatus, B, placed upon the engine, comprising 
a large and a small ejector, exhausts the air out of the continuous 
or train pipe and the oylinders. The brake is applied by the 
admission of air into the train pipe, and released by the withdrawal 
of the same through the ejector. 

The brake can also be applied by the guard. It is self-acting in 
the case of an accidental parting of the train, or any damage 
happening to the brake itself 

Method of Working the Brakes. — The engine having been coupled 
to the train, the hose couplings between the tender and the train 
are connected, and also those between the coaches. The one at the 
end of the train is closed by being placed upon the plug provided 
for the purpose. The driver now admits steam to the small ejector, 
which soon exhausts the train pipe and cylinders to a vacuum of 
from 20 to 24 ins. of mercury. If the vacuum is required to 
be obtained more rapidly, the large ejector may be used. The 
small ejector must be kept at work contin/uously to maintain the 
vacanm. 

To apply the brake, the driver moves the handle of the combina- 
tion ejector, B (fig. 193), in the direction marked "on," thus 
admitting air to the train pipe and to the bottom of each cylinder, 
C. This lifts the pistons, which thus, through the medium of the 
brake levers and rigging, pull the blocks against the wheels. The 
air cannot pass to the top of the piston, as it is prevented by 
the ball valve, D. The power with which the brakes are applied 
is regulated by the amount of air let into the train pipe by the 
adjustment of the driver's handle. 

To release the brake, the handle must be. returned to " Bunning 
position," when the air let in to apply the brake will be removed 
through the small ejector; or the release may be more quickly 
effected by pushing the handle into the position marked "off," and 
so admitting steam to the large ejector. The brake having been 
applied, the pressure of the blocks on the wheels may be increased 
or diminished at pleasure without removing them, and also without 
reducing the full reserve power of the brake, which is always at 
command for an emergency stop. 
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Station Btopa should not b« made by a violeat application of the 
brake, but by a destrnction of the vacuum of, say, from 6 to 10 ins., 
which should b« re-created slowly as the train comes to rest, by 
placing the handle in " Rtmmug position." 



Fig. 194. — Tmoddi Automatic Brake Combiiiati<»i Injeotor. 

By having the vacuum nearly restored »t the end of the stop, 
"jerking" ii prevented, and the brake iB released without the use 
of the large ejector. 

To apply the brake quickly, the handle must be moved to the 
position uHfked "on," thus opening the air-valve fully, and admit- 
ting the largest possible supply of air to the brake cylinders. If 
the guard finds it necessary to apply the brake he presses down 
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the handle of the valve, K (fig. 193), thus admitting air to the train 
pipe and applying the brake throughout the train. The train will 
then stop even if the engine remain under full steam. When a 
rapid application is made by the driver, the guard's valve opens 
automatically, letting in air from the van, and thus increasing the 
rapidity of application. This valve closes again after the brake has 
been fuUy applied. 

When it is desired to release the brake on coaches detached from 
an engine, the wire at either side of the ^ ehicle must be pulled. 
This wire is attached to the release lever of the ball valve, D, by 
which the ball may be withdrawn from its seat. The effect of this 

Index to Fig, 194. 
Combination Ejector. 

A Air nozzle of *' small" ejector, surrounded by annular space, to 
whidi steam is admitted by small screw steam valve, opened and 
dosed by handle C. 

D Air nozzle of "large" elector, surrounded by annular space, to 
which steam is admittea by larse disc steam valve E on spindle F. 

6 Air valve mounted on same spindle, and formed with two conduits 
or passages. One of these, H, has air-holes, the other one is 
closed ; both have ports in the face. J, driver's handle. 

K Chamber in ejector casing communicating with train pipe, and 
capable of being opened to atmosphere through port, L, and open 
conduit, H, in air valve — when handle is anywhere between 
"rnnning" and "on" positions — or of being opened to small or 
large ejector through port, M, and closed conduit, I, in the 
air valve. 

N Chamber communicating with chamber O through non-return 
valve P, and capable of being made to communicate with 
chamber K through closed conduit in air valve. 

Chunber communicating directly with annular space round per- 
forated air nozzle of small ejector, and through non-return valve 
R, with chamber 8 directly connected with air nozzle of large 
ejector. 

T Atudliary pipe leading to vacuum chamber. 

is to allow the air to pass to the top of the piston, accordingly 
destroying the vacuum, and so releasing the brake. While this is 
being done, a coupling must be left off the plug, at the end of the 
train, in order to permit the air to enter freely. 

Before starting, the gauge should indicate at least 18 ins. of 
vacuum ; and not less than this amount should be maintained 
during the journey and while standing at stations. 

The steam screw stop valve, A, has two positions — ''Open" and 
"Cloeed" — ^and must always be full open when running, and closed 
when the engine is in the shed, to avoid condensation in the steam 
pipe. By its use the ejector may be examined whilst the boiler is 
under steam. 

Ths CombimUion Ejector. — This consists of two ejectors — known 
M the ** large " and ** small *' — the latter being placed inside the 
former. Its construction is shown in fig. 194. The small ejector 
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is worked continuously, and is controlled by the small screw steam 
valve, shown just above the nozzles. This valve is adjusted to give 
the required vacuum. 

The large ejector is worked by the admission of steam through a 
disc valve placed underneath the air valve, and upon the same 
spindle. The steam valve is opened by the driver's handle being 
placed in the position marked " off." The action of both ejectors 
is the same ; steam is admitted around the cones and passes through 
the ejector barrel at a great velocity, withdrawing the air from the 
train pipe and cylinders, and carrying it along the exhaust pipe 
into the chimney of the locomotive. 

To obtain the best vacuum, the admission of steam to the ejectors 
should be carefully adjusted, the steam valves requiring to be only 
slightly opened with ordinary steam pressures. 

The handle has thi*ee positions ; " off " being the position for 
releasing the brakes quickly, in which position, as before described, 
it is adjusted for admitting steam to the large ejector. 

In '^Bunning position" the large ejector steam valve and air 
valves are both closed, and the vacuum is re-established and the 
brake released by the small ejector only ; with this adjustment also 
the vacuum is maintained after the brake is released. In the '' on " 
position the brakes are applied fully. In this position the air 
valve' is open, and air passes freely through the holes in the disc 
into the train pipe, and thence to the brake cylinders. The inter- 
mediate positions between "Bunning position" and "on" are for 
regulating the brake pressure by letting in more or less air. By 
this means it is possible either to increase the power after applica- 
tion, or to withdraw the air in order to diminish the power or to 
release the blocks. 

The spindle on which the driver^s handle works should be 
re-packed as occasion requires so as to keep it steam tight. 

A small auxiliary pipe is carried from the ejector by the side of 
the train pipe, and is connected only to the vacuum chamber. 
This pipe, through the passage in the air valve, is in communication 
with the small ejector when the driver's handle is in the full on 
position, and thereby constantly maintains the vacuum above the 
engine and tender pistons. At the top of this pipe is fixed a small 
valve by opening which the brake can be released on the engine 
and tender after the steam to the ejector has been closed. 

The driver* 8 handle should be kept free and the air holes clean. 
The steam disc may be lubricated when necessary with a few drops 
of oil by means of the lubricating cock ; tallow must never be used 
for the purpose. Before opening the lubricating cock the steam 
stop valve on the boiler must be closed. 

The back stop valves in the ejector must be kept air tight ; they 
can be easily taken out for examination. The drip pipe must be 
kept clear to allow any condensation of steam to run out. 

The Engine Brake Cylinder, — The pattern of cylinder shown 
in fig. 195 is intended chiefly for use on engines and tenders, 
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bat miij be applied to other kinds of stock where the spacfl is 
limited. 

The piston fits freely in the cylinder, and is packed with a 
rolling mbber ring, which, when the piston moves, rolls between it 
ftnd the cylinder, making a perfect packing without friction. The 
piston-rod is coated with brass, and works through a brass bush, 
and a packing rubber prevents the air passing the rod. This rod 
■boaJd be kept clean by wiping with a dry cloth, but no oil or 
greue must ever be used. At the bottom of the cylinder is 
attiobed a double branch ball valve, one branch of which is con- 
nected by a small hose pipe to the train pipe, and the other branch 



Fig. 1S5.— Engine Brake Cylinder. 

to the vacuum chamber. This valve is of the most simple construc- 
tion. There is only one moving piece, and that being a suiall brass 
ball having a rolling action in a horizontal direction is practically 
without friction. 

The action of the cylinder is as follows : — The air is withdrawn 
tbrougli the train pipe from the bottom of the piston diraelly, and 
from the top by passing the ball, which it forces up the incline of 
the spindle. When all the air is withdrawn, the ball rolls down 
the incline and on to its seating. To apply the brake, the air is let 
into the train pipe, and it then posses to the under side of the 
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piston, and, being prevented from entering to the top by the ball, 
lifts the piston and so applies the brake with any deaired amount 
of force — according to the quantity of air let in. 

A drip iTop and valve (E, fig. 193, p. 262) are placed on the train 
pipe at the bottom of the down pipe from the ejector, so that any 
moisture will drain into it. le is fitted at the bottom with a self- 
acting ball valve, which opens when the vacuum iu the train pipe 
is destroyed and allows the water which may have collected to run 
out. This valve should be occasionally examined and cleaned. 



Fig. 196. — Huae Couplings. 

HoM Couplinga. — These, shown in fig. 196, will be readily under- 
stood by reference to the drawing. They consist of a pair of 
castings exactly alike, with boras tnp and bottom ; it is impossible 
to couple them wrongly. To couple them they should be lifted up 
au£Sciently high to enable the bottom horns to be placed together, 
and then lowered ; the top lug of the one being placed in the slot 
of the other. To uncouple, it is simply necessary to raise the 
couplings, when they will separate. 

The WeBtinghonse Automatic Brake.— The Westinghouse auto- 
matic brake is continuous throughout the train, and is operated by 
compressed air stored in a main reservoir on the engine, luid in 
auxUiary reservoirs, of which one is placed upon the engine, tender, 
aod each vehicle — all being connected hy a pipe running the entire 
length of the train. There are also on each vehicle a triple valva 
and a brake cylinder, having a piston connected to the brake levers. 

Maintaining the pressare in the brake pipe keeps the brakes off; 
but letting the air escape from the pipe, purposely or accidentally, 
instantly spplies the brakes by allowing air to pass from the sm^ 
reservoirs into the brake cylinders. 

General ArrangamtnL — The Westinghouse brake as applied to 
engines and tenders is shown in fig. 197. The locomotive ia pro- 
vided with a vertical direct-acting air pump, having a steam 
cylinder, A, and air cylinder, B, with the usual valves, which is 
driven by steam from the boiler. This pump forces air into a main 
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reMrroir, C, of 10 to 15 cubic feet capacity, preferably fastened 
beneath the footplate, or in any other suitable positiou. The above 
parU are shown on enlai^ed scale, somewbat di&grammatically, in 
Gg- 198 (see Flate), A duplex gauge (L in the latter figure) showa 
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the pressure of the air in the brake pipe, or auxiliary reaervoir, G, 
and in the main reBervoir. A. steam cock, a, reverting to fig, 197, 
goveriis the flow of steam to the pump and regulates its Bpeed, and, 
consequently, the pressure of air in the main reservoir. 



Fig. 199. — Westinghouae Brake ; Ordinary Driver's Valve. 

A driver's brake valve, shown in detail in fig. 199, and marked D 
in figs. 197 and 198 (to which the following lettere refer), has one 
pipe connection, c, to the main reservoir, imd a second connection, 
d, to the broke pipe, £, running the entire length of the train. 
This brake valve regulates the flow of air fur applying and releasing 
the brakes, and, in its normal position, maintains from 20 lbs. to 30 
lbs. per square inch more pressure in the main reservoir than in the 
farake pipe. 
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The air delivery pipe, b, leading from the air cylinder, B, of the 
pamp, to the main reservoir, C, should enter the latter somewhat 
below the middle, and a separate pipe, e, must be taken from the 
top part of the main reservoir to the brake valve, D. Continual 
trouble would be experienced if the pipe c were branched from the 
air delivery pipe 6, since grease or dirt entering by the pump. 

Index to Fios. 197, 198, and 200. 

Westinghouse Automatic Brake. 

A Steam cylinder and 

B Compressing cylinder of air pump, by which air is forced into 

C Main reservoir on en^ne. 

D Driver's valve, by wmch the action of the brake is regulated. 

E Main or brake pipe running whole length of train. 

F Triple valve. 

G Auxiliary reservoirs. 

H Brake cylinders. 

K Pipe coupling between vehicles. 

L Gauges snowins pressures in brake pipe and main reservoirs. 

N Coupling cock ror closing brake pipe when vehicles are disconnected. 

5 Guard's pressure gauge. 
T Guard's brake valve. 

The following references occur in fg, 197 only, 
a Steam cock controlling supply of steam to air pump through pipe a^. 
a' Exhaust pipe of steam air compressor. 
b Air delivery pipe from pump to main reservoir, 
c Pipe leading from driver's valve to main reservoir C. 
d „ ,, ,, brake pipe E. 

/ Branch pipe from brake pipe E to triple valve F, provided with cock h\ 
/' Pipe from triple valve to brake cylinder. 
g ** Drip cook " for trapping any water that may get into brake pipe. 

Index to Fig. 199. 

Driver's Valve, 

A Branch to main reservoir. 

B Branch to main or brake pipe. 

4 Large ports from branch A to branch B. 

6 Pressure reducing valve loaded to about 20 or 30 Ibe. per square inch. 
3 Air escape valve — 

1st position of handle : free communication through large ports 4. 

2nd „ „ air must pass through valve 6. 

3rd ,, „ and positions intermediate between this 

and 2nd position ; load more or less removed from valve 3, 
which lifts accordingly, allowing air to escape at M from 
brake pipe. 

would pass directly into the main pipe and the valves, instead of 
collecting in the main reservoir. Deposits can easily be removed 
from the latter by unscrewing the bottom plug. The driving- 
wheel brake blocks are generally operated by two brake cylinders, 
H, H (fig. 197), which are placed on either side of the engine. 
Another arrangement is sometimes adopted, in which a 10-in. or 
13-in. vertical brake cylinder, by means of suitable brake gear, 
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Fig. 201.— Ordinary Triple Valve. 

IfjDEX TO FlQ. 201. 

Orfinary Triple Valve. 
B Branch to brake cylinder. 
C Branch to auxiliary reservoir. 
D Exhaust outlet from brake cylinder. 
E To train or brake pipe. 
9 PiHton working in casing I, and carrying — with sUght "lost" 

b The shde valve. In position shovn this exhausts air from the 

brake cylinder through branch B and outlet D. 
d Groove by which air from train pipe £ paBsea into auxiliary reser- 



1%' 



_ branch C. 

7 OraduatinK valve. Whenever piston fl moves down, this valve 
opens before slide valve b movda, and, when paaaage e oomea 
over port a, supplies of air easily regulated poaa by it into the 
brake cylinder. Further movement of piston 9 opens a clear 
way from branch C to branch B. 

6 Leakage duct in valve (situated between letter « and port a). If 
the brake pipe merely leaks, this, by equaliaii^g the pressure 
above and below the piston 9, prevents the brafes from being 
applied. It is situated ao that it comes over the port a before 
the exhaust outlet is entirely closed, thus penmtUng a amoU 
etcape from the reservoir. 
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simaltaneoaslj applies the brake on both sides of the engine. An 
example of a vehicle auxiliary reservoir and brake cylinder is seen 
in fig. 200 (see Plate). 

A branch, f^ leads from the brake pipe, E, to the triple valve, F 
(ordinary type), shown in detail in fig. 201, which is in communi- 
cation with the auxiliary reservoir, G, and also with the brake 
cylinder, H, by the pipe,y! A cock is placed in the branch pipe,y^ 
for the purpose of isolating the driving wheel brakes, if required, 
without interfering with the operation of the brakes on the tender, 
or on the vehicles of the train. When the engine is to be fitted 
for running with a '* pilot," the brake pipe, E, is extended to the 
front buffer beam, and supplied with a cock and a special coupling 
head which is screwed to the end of the brake pipe. A hose, with 
two coupling ends, is carried on the tender, to be used when 
required for making the connection between the coupling head and 
the coupling on the *' pilot." This arrangement is also useful for 
taking empty carriages back to the sidings, when the engine fre- 
quently has to travel tender first. The back of the tender is 
provided with a coupling and cock, similar to the arrangement on 
a vehicle. 

A drip cup, g^ is placed on the main pipe, E, and prevents any 
water from- passing into the brake pipe on the train. The lower 
cap of the drip cup, g^ as well as the plug in the main reservoir, C, 
should be removed at least once a week to allow water to escape. 
Sometimes an air pump governor is used to prevent the accumula- 
tion of too high a pressure in the main reservoir and brake pipe. 

Method of Working the Brakes, — The driver starts the air pump 
before moving his engine, and charges the main reservoir, C, the 
brake pipe, E, and the auxiliary reservoirs, G, on the engine and 
tender, to a pressure of about 75 lbs. per square inch. 

The hose couplings between the carriages must be united, and all 
cocks, N, in the brake pipe opened, except the one at the rear of 
the train. When the engine is coupled to the train, the driver 
turns the compressed air from the main reservoir, C, into the brake 
pipe by means of the driver's brake valve, D, thus charging the 
brake pipe, E, the triple valves, F, and the small reservoir, G, on 
all the vehicles of the train with equal pressure. To apply the 
brakes the driver opens the brake valve, D, or the guard opens 
the cock, T, and air is allowed to escape from the brake pipe to the 
atmosphere. The reduction of pressure ro produced in the brake 
pipe, E, causes the pistons of all the triple valves, F, to move, 
permitting a portion of the compressed air stored in the auxiliary 
reservoir, G, to be instantly discharged into the brake cylinders, H. 
The brake pistons are thereupon forced out and the blocks are 
pressed against the wheels. The amount of power exerted by the 
brakes corresponds to the reduction of air pressure in the brake 
pipe ; thus the driver can graduate tho brake at will. 

When the pressure in the main pipe has been reduced 20 per 
cent, the brake is applied with full force. The brakes are released 

18 
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by re-opening the passage from the main reservoir, C, to the brake 
pipe, E. This restores the pressure in the brake pipe, and returns 
the pistons of the triple vaWes, F, to their original position, which 
allows the auxiliary reservoirs, G, to become recharged. At the 
same time the air from the brake cylinders, H, is exhausted, thus 
relieving the brake blocks from pressure. 

" Quic^>acHng " WeatinghotMe BrcJce, — The above general descrip- 
tion not only serves for the ** ordinary" Westinghouse brake, but 
also for the improved ^' quick-acting " Westinghouse brake. 

The difference in the two brakes is simply in the action of their 
triple valves, by means of which, on each vehicle, the application 
iind release of the brake is governed in accordance with the varia- 
tions of pressure produced in the brake pipe. 

When the ordinary Westinghouse brake is brought into action 
by discharging air from the brake pipe through tlie driver's valve, 
this immediately causes a reduction of pressure in the brake pipe 
of the engine and the next vehicle, but it requires a certain amount 
of time — corresponding to the length of the train — for the reduction 
of pressure to travel along to the rear end of the train, and so bring 
all the brakes into operation. 

On trains of ordinary length this does not lead to any inconveni- 
ence, the reduction of pressure being transmitted over the whole 
of the train with sufficient rapidity to produce throughout a practi- 
cally simultaneous action of the brakes. But in trains of extra- 
ordinary length, such as those employed for the conveyance of 
goods, and composed of 40 or 50 vehicles, extending over some 
1500 or 2000 feet, an appreciable time elapses before the main pipe 
can so far evacuate its contents as to bring into operation the brake 
on the farthest vehicle. During all this time the brakes at the 
head of the train are applied, thus causing unequal action, which 
must result in very severe shocks, liable to damage the rolling 
stock and its contents. 

This difficulty has been overcome by the quick-acting brake 
(tig. 200, see plate), the simultaneous action of which on all the 
vehicles, avoids shocks or jerks, even when the brakes are applied 
with full force, as in a case of emergency. 

With the ordinary triple valve, when the brake is applied with 
moderate force, its piston moves down only about one-half its full 
stroke ; whereas it moves to the limit of its stroke when the brake 
is brought into action with full force. It is this second part of the 
stroke which, in the new quick-acting triple valve, has been utilised 
to establish a communication between the brake pipe and the brake 
cylinder, thus producing the following improved action : — 

When the driver opens the brake valve, and the air esca|>e8 
rapidly from the brake pipe until the pressure is sufficiently 
reduced to operate to the full extent the triple valve on the first 
vehicle, a large communication is established between the train 
pipe and the brake cylinder of that vehicle, and for a fraction of 
a second this is held open to permit the air to enter the brake 
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cjlinder. This discharge of air from the brake pipe into the 
brake cjlinder has the effect of suddenly reducing the pressure in 
the brake pipe near the next triple valve, the piston of which 
immediately moves to the full extent of its stroke, thus opening 
AQotber passage for discharge of air into its own brake cylinder. 
And so this process runs on through the train — like an explosion 
along a train of gunpowder. "Each, vehicle accordingly provides 
for the evacuation of its own length of pipe, and the air contained 
in it is let out locally, instead of having to thread its way to the end 
of a long brake pipe, with its many bends and consequent friction, 
in order to be discharged on the engine as in the case of the ordinary 
brake. 

Air Pressure; Cylinders. —EhhoTAte experiments have demon- 
strated that the higher the speed of the train, the greater must be 
the initial brake pressure to effect the quickest stop. A brake pipe 
pressure of from 75 lbs. to 80 lbs. per square inch is, therefore, 
recommended for fast trains, and a somewhat lower pressure for 
slower and stopping trains. The pressure can easily be varied by 
regulating the speed of the pump. High pressure permits the use 
of small cylinders, reservoirs, and pipes. 

Brake, Steamy and Air Pipes. — The brake pipe for ordinary trains 
may be of 1 in. steam pipe. If, however, it is intended to work 
trains of great length, say of 40 or more vehicles, by means of 
the quick-acting bi^e, the diameter of the brake pipe must be 
increased to l| ins. diameter, and the bends in the pipe at the 
ends of the vehicles must be avoided. 

For piping used on engines and tenders the following particulars 
may prpve of service : — The brake pipe should always be iron steam 
pipe of best quality, of 1 in. internal diameter. The steam pipe a\ 
air deUvery pipe 6, pipe c from main reservoir to brake valve, and 
pipe d from Drake valve to main pipe, if of iron, should be of 1 in. 
best steam pipe, or 14 in. outside diameter solid drawn copper pipe 
with a thickness of No. 10 S.W.G. The exhaust pipe a^ may be 
of IJ ins. iron steam pipe, or 1^ ins. outside diameter solid drawn 
copper pipe with a thickness of No. 10 S.W.G., enlarged to 2 ins. 
or 2^ ins. in the smokebox to deaden the noise. For the same 
parjjose, the pump exhaust is sometimes turned into the exhaust 
of the engine with very good results ; and in the other cases special 
exhaust quieting chambers are used. 

Bed lead must not be used on the inside of any fittings. All 
pipes must be blown out with steam after bending, to remove scale 
and dirt. Blowing through with compressed air alone is not suffi- 
cient 

Working of Brakes with Pilot Engines, — When trains are worked 
by means of a pilot engine, the brakes should be under the control 
of the driver of the front engine, and for this purpose it is necessary 
that a cock should be introduced into the pipe leading from the 
main reservoir to the brake valve, as shown. Whenever two 
engines are used for working a train, the driver of the second 
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engine must, immediately after the attachment of the pilot, close 
the cock under the driver's valve, and keep it closed so long as he 
has the assistance of the pilot. During this time the handle of the 
driver's valve must be kept in the release position, and the maximum 
pressure be maintained in the main reservoir of the second engine, 
so that the driver of this engine may be ready at any time to take 
charge of the brakes on the train, if necessary. The cock under the 
brake valve of the second engine must, of course, be re-opened so 
soon as the pilot engine is removed. 
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CHAPTER XVIII. 

LUBBICATION. 

Contents. — Difficulties presented by the Lubrication of Looomotives — Sight- 
feed Lubricator — Displacement or Roscoe Lubricator — Fumess Lubricator 
— Oil-boxes and Pipes for Piston-rods, Valve Spindles, Axle-boxes, &c. — 
Lubricating Slide Bars — Lubricating Eccentric Straps, and Connecting- 
and Coupling-rods — Consumption of Oil. 

Tbis lubrication of locomotive engines presents difficulties dif- 
ferent from those that arise in the lubrication of other engines and 
machines. The difficulty exists rather in devising suitable and 
convenient methods of application than in the selection of a satis- 
factory lubricant. 

The importance of having the valves and cylinders well and 
pro|>erly lubricated is so fully recognised as not to require demon- 
strating. Not only is it necessary that the valves and pistons 
should work with as little friction as possible, but it is also most 
important that the lubricant used should possess no chemical pro- 
perties that will detrimentally affect those iron parts with which it 
may come in contact. In the practice of lubrication, lubricators 
play no unimportant part. Good lubrication can seldom be secured 
even when a good lubricant is used unless it is applied through the 
medium of a good lubricator. Again, the action of a good lubricator 
may be impaired should it be improperly fixed or adjusted. 

Sight-feed Lubricator. — For the lubrication of the valves the 
sight-feed lubricator is now almost in general use. There are many 
different makes; those that are the simplest in construction and 
will use both light- and heavy-bodied oils are the best. 

Fig. 202 illustrates a sight-feed lubricator, which supplies a steady 
and regular quantity of oil to the steam-chest for the slide valves 
at rates varying from 1 to 120 drops per minute. 

The condensation-chamber is contained in the body of the lubri- 
cator, thus doing away with the usual condensation pipe or coil. 

A convenient place for fixing the lubricator is on the weather- 
board or side plate of the cab. A |-in. internal diameter steam pipe 
is brought from the highest convenient part of the boiler and 
coupled on to A ; a pipe of the same diameter is taken from the 
steam-chest or steam pipe close to the steam-chest and coupled on 
toB. 

The coupling or union in the steam pipe or steam-chest should 
project through at least | of an inch, so as to deliver the oil clear 
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Fig, 3)2.— Sight-feeii Lubricator. 
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of the side, as shown at A (fig. 203), and not as shown at B. If the 
plan shown in A is not adopted, the drops of oil, instead of being 
carried forward in spray amongst the steam and thoroughly lubri- 
cating it, are liable to be forced round the sides of the pipe or 
steam-chest. 



TnM jotjot 





Fig. 203.— Method of Spraying the Oil. 



DlRBCmONS FOB WORKING THE SiGHT-FeED LuBKICATOR. 

Ist. Close all valves. 

2Qd. Completely fill the oil-chamber through F, and after replacing the 
screw and plug, turn on steam from the boiler, which will fill the sight glass 
with water. 

3rd. Open back pressure-valve C a little, and then slightly open regulating 
valve D, and regulate the number of drops necessary ; two to four drops per 
rainate are sufficient for locomotives. 

4th. When requiring to refill, close all valves, slacken back valve F, let out 
condensed water through valve E, and refill through F. 

Displacement or Boscoe Lubricator. — Another lubricator which 
is considerably used is the " displacement '' or <* Roscoe " lubricator, 
shown in fig. 204. It is filled with oil through the valve A. 
This valve is then closed, and the valve B, leading to the steam 
chest is opened ; as the steam condenses on the surface of the oil, 
the water sinks and raises the oil, which then flows through the 
valve B, to the steam chest. The quantity of oil passing to the 
>team chest can be regulated by the wheel C, attached to the 
valve B. The valve D, at the bottom of the lubricator, is for 
letting out the condensed water. A form of displacement lubri- 
cator suitable for valve-spindles is shown on page 102. 

FomesB Lubricator. — The <*Furness" lubricator, frequently used 
for cylinder lubrication, is shown on fig. 205. It is attached to the 
top of the cylinder, or the centre of the cylinder cover, at A. 
When the steam is in the cylinder the small valve B is kept closed 
hj the steam pressure ; but when the steam is shut ofi^, and the 
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Fit". :iW.— Dinpliicenient nr Roscoe Lubricator. 



LUBRICATION. 



engine is working, the r&tve lifts about ^ in. nt each stroke of the 
piston, by suction, admitting a small quantity of oil. The lubri- 
cator is filled at the plug C. 





Fig. 206. — Fumou Lubricator. 

Oil-boxeB and P^ea for Piston-rods, Valve Spindles, Axle- 
boxes, Ac. — The most economical system of lubricating the several 
pairis ofthe locomotive is by means of lubricating boxes. These can 
be used with one, two, or three lubricating pipes, as shown in figs. 
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206, 207, and 208. Syphon trimmings are placed in these boxes, and 
the oil is led to the part required by the pipe. When running, the 
lid or cover of the box is closed, in order to prevent waste, and when 
the engine arrives at the shed the engineman can withdraw the 

Sphons with the same object. Sometimes small cocks, to which 
e pipes are attached, are fixed to the bottom of the boxes. 
Lubricating boxes are placed on each side of the locomotive, at 
the back of the smokebox tube-plate (as shown in fig. 209), for 
lubricating the piston-rods and valve spindles, the oil from the 




Fig. 208. — Lubricating Box with Three Pipes. 

pipes running on to plaited cotton rings round the rods and 
spindles. 

Fig. 210 shows the application of the three-pipe oil-boxes for 
lubricating axle-boxes and horn blocks ; the centre pipe leads to 
the axle-box, as shown, and the two outside pipes lead to the sides 
of the axle-box where it slides on the horn blocks. 

Lubricating Slide Bars. — For lubricating two or four slide-bars, 
oil-cups are fixed on the top of the top bars, with a hole drilled 
through, the underside of the hole having a large shallow counter- 
sink. Inside of the oil cup is a flat piece of copper to which the 
worsted trimming is attached. This is shown in fig. 211. For 
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single slide -bars, holes are drilled through the bars with large 
shallow coantersinks as shown in fig. 76. 

Lubricating Eccentric Straps and Connecting- and Coapling-rods.— 
A method of lubricating eccentric straps is shown in fig. 212, a 
similar arraugement of top spring and tube being also used for 
connecting-rod big ends, and coupling-rod brasses and bushes, an 




Fig. 210. — ^Application of Three-Pipe Oil-boxes. 



arrangement which keeps the oil from being thrown out when the 
parts are working at high speeds. 

The Gonsmnption of Oil varies according to the work done; 
the average quantity of cylinder oil used being from *35 to *5 
quart, and of engine oil from 2 to 3 quarts per 100 miles. 
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Fig. 211. — Oil-cup for Lubricating Slide Bars. 
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CHAPTER XIX. 

CONSUMPTION OP FUEL, EVAPORATION, AND ENGINE EFFICIENCY. 

Contents. — Particulars of Engine Tested — Trial from London to Bournemouth 
— Trial from Bournemouth to London — Trial from London to Exeter — 
Trial from Exeter to Woking — Trial from London to Salisbury — ^Means 
employed in Observations. 

In this chapter is described a series of trials of nu express loco- 
motive,''^ in which the coal consumption, evaporation, power 
developed, and other particulars were accurately observed. The 
means employed in taking the diagrams and making the obser- 
vations are also described. The results are examined, and deter- 
minations as to the engine and boiler efficiencies are arrived at. 
The trials were made with the locomotive at its regular duty, and 
under ordinary circumstances. 

Particulars of Engine Tested. — The engine upon which the 
trials were made was one of twenty built for the London and 
South- Western Railway Company, at their Nine Elms Works, 
for working the heavy main line express trains between Waterloo, 
Salisbury, Southampton, and Bournemouth. These engines run 
from Waterloo to Basingstoke, a distance of 48 miles, easily under 
the hour, and, during the summer months they run the 84 miles to 
Salisbury and the 104 miles to Christchurch without a stop. It is 
not intended to give a detailed description of the engines here, but 
a few particulars will aid in the understanding of the results of the 
trials. 

They have four wheels coupled, and a four-wheeled bogie. The 
cylinders, placed outside, are 19 ins. in diameter, and have a stroke 
of 26 ins., the clearance being equivalent to 7 '74 per cent, at the 
front, and 6*G3 per cent, at the back end of the stroke. The slide 
valves have 3| ins. travel, and ^ in. lead when in full gear, and 1 in. 
outside lap. The coupled driving-wheels are 7 ft. 1 in. diameter, 
and the bogie and tender wheels are 3 ft. 9 j ins. diameter. The 
frames, of mild steel, are 1 in. thick. The boiler barrel is 11 ft. 

* An account of these trials appears in the Proceedings of the Itist. of CHvil 
Engineers, vol. cxxv. ; session 1895-96. • 
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long^ and 4 ft. 4 ins. in diameter outside ; the thickness of the plates of 
mild steel is ^ in. ; the length between tube-plates is 11 ft. 4 ins. ; 
and there are 240 tubes of 1| ins. diameter outside ; and the height 
of the boiler &om the centre of the rails is 7 ft. 9 ins. The firebox 
is of copper, 5 ft. 6^ ins. long at the top, and 5 ft. 7 J ins. at the 
bottom, the height being 5 ft. 9^ ins. to the bottom of the founda- 
tion ring, and 5 fL 7 ins. to the top of same. The width is 3 ft. 6 ins. 
at the top, and 3 ft. 2^ ins. at the bottom. The plates are ^ in. thick, 
except the tube-plate, which is 1 in. thick. The heating sur&ce of 
the firebox is 112*45 sq. ft.( = 16,192'l sq. ins.); of the tubes, 1246-2 
sq. ft. (=179,452-8 sq. ins.); the total heating surface is 1358-65 
sq. ft. ( = 195,644*9 sq. ins.) ; and the grate area is 18*14 sq. ft. The 
ratio of total heating surfSace to grate area is 74*9 to 1. The area 
through the tubes is 2*47 sq. ft., and the area through firebars, 5*8 
sq. ft. The working boiler pressure is 175 lbs. per sq. in. The 
weight on the driving-wheels was 14 tons 19 cwts., or 33,488 
lbs.; on the trailing-wheels, 14 tons 16 cwts., or 33,162 lbs.; and 
OD the bogie, 18 tons 17 cwts. 2 qrs., or 42,280 lbs. ; the weight of the 
tender full of water, and with 2 tons of coal, was 33 tons 8 cwts., 
or 74,816 lbs. ; and the total weight of the engine and tender 
in working order was 82 tons cwt. 2 qrs., or 183,736 lbs. The 
weight per foot of wheel-base was 1*853 tons. The total wheel-base 
of the engine and tender is 44 ft. 3^ ins. ; the extreme length 
over buffers, 53 ft. 8f ins. ; the distance from the front of the buffers 
to centre of bogie, 8 ft. 4f ins. ; from centre of bogie to centre of 
driving-axle, 10 ft. 9 ins. ; from centre of driving-axle to centre of 
trailing-axle, 8 ft. 6 ins. ; and from centre of trailing-axle to back 
of frame, 4 ft. 3 ins. The total available capacity of the tender 
watei^tank is 2908 gallons. 

Steel castings are used as much as possible in the construc- 
tion of these engines, the following details being made of this 
material^ thus dispensing with intricate and difficult forgings : — 
driving-, trailing-, and bogie-wheels, all bogie-castings, pistons, 
crossheads, motion-plates, all hornblocks, spring-hanger brackets. 

The engines are fitted with the automatic vacuum and steam 
brakes, and also with Adams' patent vortex blast pipe.* 

Trial l^om London to Bournemouth. — Five trials were made : 
the first — to which figs. 213, 214, and 215 have reference — was 
nin on 9tti July, 1891, from Waterloo with the 5.50 a.m. down 
train to Bournemouth, a distance of 111 miles, with eleven 
intermediate stops. The load hauled, exclusive of engine and 
tender, and with no allowance for passengers and luggage, was 
from Waterloo to Woking, 24f miles, 239 tons 17 cwts. 3 qrs. ; 
from Woking to Basingstoke, 23| miles, 217 tons 6 cwts. 3 qrs. ; 
^m Basingstoke to Eastleigh, 25f miles, 166 tons 16 cwts. ; 
from Eastleigh to Brockenhurst, 19 miles, 135 tons 15 cwts. 2 qrs. ; 
uid from Brockenhurst to Bournemouth, 18| miles, 116 tons 16 cwts. 

* For a fuller description of the engine see Appendix A. 

19 
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*2 qrs. — the mean load hauled throughout the jouroey being 179 tons 
16 cwts. 3 qrs. 

From fig. 213 will be seen the profile of the road, the steepest 
up gradient being 1 in 99 for 1^ miles. The speed, indicated horse- 
power, actual running time, Doiler pressure, smokebox tempera- 
tare, and the various vacuum curves are also shown in this 
figure. 

The maximum speed obtained was 68*5 miles per hour, running 
on a down gradient of 1 in 251, at the sixty-fifbh mile post (see 
indicator diagram, No. 23), fig. 214. The indicated horse-power, 
as shown bv the diagram, taken immediately after at 68 miles per 
hour (fig. 213) was 480*2 ; steam cut-off 17 per cent, of the stroke, 
and the number of revolutions, 269 per minute. The mean speed. 




Mean effective pressure, 24*37 lbs. per square inch. 
Fig. 214. — Indicator Diagram, No. 23. 




Mean effective pressure, 59*88 lbs. per square inch. 
Fig. 215. — Indicator Diagram, No. 11. 



exclusive of stops, was 37 miles per hour. The maximum indicated 
borse-power was 684*1 (see indicator diagram, No. 11), fig. 215; 
steam cut-off 29*5 per cent, of the stroke. This was obtained on 
Ml up gradient of 1 in 314, at the twenty-eighth mile post — the 
speed being 40 miles per hour, and the number of revolutions 157 
per minute. The mean boiler pressure throughout the journey 
was 167*5 lbs. per square inch. 

The journey occupied 3 hours 29 minutes, the actual running 
time being 2 hours 59^ minutes. 

The coal burnt per hour journey time was 974*7 lbs. exclusive 
of lighting up, 1019 lbs. inclusive of lighting up; and taking 
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running time was 1136*4 lbs. exclusive of lighting up, and 1192*6 
lbs. inclusive. This gives 62*54 and 65' 61 lbs. respectively per 
square foot of grate area per hour running time, 53*7 and 56*36 lbs. 
respectively journey time, and 2*31 and 2*65 lbs., exclusive and 
inclusive of lighting up respectively, per indicated horse- power 
per hour running time, which is equivalent to 1*98 and 2-32 
lbs., exclusive and inclusive of lighting up respectively, journey 
time. 

The coal burnt per train mile exclusive of lighting up was 30*5 
lbs., and inclusive ot lighting up 32*1 lbs. ; the coal burnt per engine 
mile exclusive of lighting up 29*5 lbs., and inclusive of lighting up 
31-0 lbs. 

The water evaporated per hour journey time was 9442*1 lbs., or, 
taking the running time, 11,000 lbs. The water evaporated per 
square foot of total heating surface per hour taking journey time 
was 6*95 lbs., and taking running time was 8*09 lbs. ; the water 
evaporated per indicated horse-power per hour running time was 
22*4 lbs. ; the water evaporated per lb. of coal, exclusive of lighting 
up, was 9*68 lbs., and inclusive of lighting up 9*63 lbs. ; from feed 
temperature 9*68 lbs.; and the equivalent from and at 212° Fah. 
11*35 lbs. The temperature of the water in the boiler at the time 
of lighting up was 205*" Fah. 

Witli regard to forced draught, special observations were made 
during each journey of the vacuum and pressures obtained at the 
base of the chimney, in the smokebox on a level with and in the 
centre of the blast pipe, and at the middle of the middle row of 
tubes, through the firehole door, and in the ashpan. The vacuum 
in inches of water was as follows : — At base of chimney, maximum 
1*5 ins., mean 4*93 ins.; level with top and in centre of vortex 
blast pipe, maximum 7*5 ins., mean 4*34 ins. ; at middle of middle 
row of tubes, maximum 6 2 ins., mean 2*84 ins. The maximum 
pressure in inches of water through the tirehole door was 2*8 ins., 
and mean 1*25 ins.; and in the ashpan, maximum 0-5 in., mean 
0*08 in. 

The diameter of the gases-pipe of the blast pipe was 5 ins., the area 
19*6 sq. ins., and the area of the annular exhaust was 13-9 sq. ins., 
and its width ^ in. The temperature of the gases in the smoke- 
box was also taken at one mile intervals, the maximum being 
585** Fah. and the mean 488*9 T Fah. The temperatures below 
680** Fah. were registered with a mercury thermometer, and above 
680° Fah. with a mercury thalpotassimeter. 

The weather was fine with strong head wind. 

The coal stated includes that used while standing for 3^ hours. 
Particulars are given in Table XV. 

Trial from Bournemouth to London. — The second trial ex- 
tended over the return journey from Bournemouth to Waterloo 
on the same day, the departure time being 1.55 p.m. Three 
intermediate stops were made in addition to stopping at 
Yauxhall. The load hauled, exclusive of engine and tender. 
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and with no allowance for weight of passengers and luggage, 
was : — Bournemouth West to Bournemouth East, 3| miles, 89 tons 
11 cwts. 2 qrs.; and from Bournemouth East to Waterloo, 107f 
miles^ 137 tons 11 cwts. 2 qrs. The mean load throughout the 
journey was thus 136 tons 3 cwts. 2 qrs. 

The maximum speed attained was 67 miles per hour on a down 
gradient of 1 in 386 between the twenty-third and twenty-fourth 
mile post from Waterloo. The indicated horse-power, taken im- 
mediately after this observation, at 66 miles per hour, being 571*6, 
with a steam cut-off 17 per cent, of the stroke; the number of 
revolutions per minute being 201. The mean speed exclusive of 
stops was 45*23 miles per hour. 

The maximum indicated horse-power was 610*1, with a steam 
cut-off at 26 per cent, on an up gradient of 1 in 249 at the sixtieth 
mile post, the speed being 43 miles per hour, and the number of 
revolutions 179 per minute. The mean boiler pressure throughout 
the journey was 167*2 lbs. per square inch. 

The journey occupied 2 hours 41 minutes, the actual running 
time being 2 hours 27 j minutes. 

The ooal burnt per hour journey time was 1162-83 lbs. exclusive 
of lighting up, and 1231*2 lbs. inclusive of lighting up. Taking 
running time, the coal burnt per hour was 1270*8 lbs. exclusive of 
lighting up. and 1339*3 lbs. inclusive, which gives 70*0 and 73*78 
lbs. res|>ectively per square foot of grate area per hour running 
time, and 64*1 and 67*35 lbs. respectively journey time. This is 
equivalent to 2*61 and 2*75 lbs., exclusive and inclusive of lighting 
up respectively, per indicated horse-power per hour running time ; 
and to 2*39 and 2*52 lbs., exclusive and inclusive of lighting up 
respectively, journey time. The coal burnt per train mile exclusive 
of lighting up was 28*1 lbs., and inclusive of lighting up 29-6 lbs. ; 
and the coal burnt per engine mile exclusive of lighting up was 
27*13 lbs., and inclusive of lighting up 28*6 lbs. 

The water evaporated per hour journey time was 10,214*0 lbs., or 
taking the running time 11,167 lbs.; the water evaporated per 
square foot of total heating surface per hour taking the journey 
time was 7*51 lbs., running time 822 lbs. ; the water evaporated 
per indicated horse-power per hour, taking running time was 23*02 
lbs. ; the water eva|>orated per lb. of ooal, exclusive of lighting up, 
was 8*78 lbs., inclusive of lighting up 8*34 lbs ; from feed tempera- 
ture 8*78 lbs., and equivalent from and at 212" Fah. 10*3 lbs. The 
temperature of the water in the boiler at the time of lighting up 
WHS 205"* Fah. 

The vacuum in inches of water was as follows: — At base of chimney, 
maximum 11*0 ins., mean 6*43 ins. ; level with the top and in centre 
of blast pipe, maximum 7*1 ins., mean 4*1 ins. ; at middle of middle 
row of tubes, maximum 5*8 ins., mean 3*34 ins. The maximum 
pressure in inches of water through the firehole door was 2*2 ins., 
mean 1*36 ins. ; and in the ashpan, maximum 0*2 in., mean 0*07 
in. The temperature of gases in the srookebox, taken every mile. 
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was 575" Fah. maximum, and 494*76** Fah. mean. The coal statecl 
includes that used while standing for 5^ hours. 

Trial from London to Exeter. — The third trial was run on 10th 
July from Waterloo with the 11.0 a.m. down train to Exeter, & 
distonce of 171^ miles with three intermediate stops. The loacL 
hauled, exclusive of engine and tender, and with no allowance 
for the weight of passengers and luggage, was 168 tons 7 cwts. 
2 qrs. 

The steepest up gradient was 1 in 70 for ^ mile, and I in 80 for 
4 miles continuously. The maximum speed attained was 78 miles 
per hour, whilst running on a down gradient of 1 in 100 at the 
fifty- eighth mile post. The indicated horse-power was 51 7 '2, 
with a steam cut-off at 17 per cent, of the stroke, the number 
of revolutions beiug 309 per minute. The mean speed exclusive- 
of stops was 46*1 miles per hour. 

The maximum indicated horse-power developed was 803*6, with 
steam cut-off at 44 per cent, of the stroke, oki an up gradient oF 
1 in 80 at the 152nd mile post, the speed being 31 miles per 
hour, and the number of revolutions 123 per minute. The mean 
boiler pressure throughout the journey was 171*7 lbs. per square 
inch. 

The journey occupied 4 hours 4 minutes, the actual running time 
being 3 hours 43^ minutes. 

The coal burnt per hour journey time was 1198*2 lbs. exclusive- 
of lighting up, and 1280*95 inclusive of lighting up, and taking 
running time, 1309*2 lbs. exclusive of lighting up, 1400*1 inclusive. 
This gives 72*18 and 77*16 lbs. respectively per square foot or 
grate area per hour running time, and 66*05 and 70*61 lbs. respec- 
tively, journey time. This is equivalent to 2*34 and 2*94 lbs., 
exclusive and inclusive of lighting up respectively, per indicated 
horse-power per hour running time, and 2*14 and 2*74 lbs., exclusive 
and inclusive of lighting up respectively, journey time. 

The coal burnt per train mile, exclusive of lighting up, was 28*4 
lbs., and inclusive of lighting up 30*36 lbs. ; the coal burnt per 
engine mile, exclusive of lighting up, 27*8, and inclusive of lighting 
up, 29-7 lbs. 

The water evaporated per hour journey time was 10,601 lbs., or, 
taking the running time, 11,559*1 lbs.; the water evaporated per 
square foot of total heating sur&ce per hour, taking the journey 
time, was 7*8 lbs., and running time 8*5 lbs. The water evaporated 
per indicated horse-power per hour, taking running time, was 20*7 
lbs.; water evaporated per lb. of coaJ, exclusive of lighting up, was 
8*84 lbs. inclusive of lighting up 8*27 lbs. ; from feed temperature, 
8*84 lbs. ; and the equivalent from and at 212*" Fah., 10*4 lbs. 
The tempei*ature of the feed water at the time of lighting up was 
125"* Fah. The vacuum in inches of water was as follows : — 
At base of chimney, maximum 14*0 ins., mean 6*54 ins. ; level with 
the top and in centre of blast pipe, maximum 11*0 ins., mean 4*21 
ins. ; at middle of middle row of tubes, maximum 8*0 ins., mean 
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3*83 ins. The maximum pressure in inches of water through the 
firehole door was 3*6 ins., and mean 1*63 ins., and in the ashpan, 
maximum 0*6 in., and mean 0*12 in. The temperatures of gases 
in the smokebox, taken at 1 mile intervals, were 740*" Fah. maxi- 
mum, and 604*62° Fah. mean. The coal stated includes that used 
while standing for 3} hours. 

Trial from Exeter to Woking. — The fourth trial was the return 
journey from Exeter to Waterloo on the following day, 1 1 th July, 
leaving there at 12.54 p.m. (nine minutes late), and making six 
intermediate stops. Owing to unforeseen stoppages and delays, 
which occurred after leaving Woking, it was impossible to record 
several of the most important items. The distance from Woking — 
only 24f miles — occupying 1 hour 15^ minutes, the trial was there- 
fore ended at Woking. 

The load hauled, exclusive of engine and tender, and with no 
allowance for weight pf passengers and luggage, was — Exeter to 
Yeovil, 197 tons 9 cwts. 2 qrs. ; Yeovil to Templecombe, 244 tons 
9 cwts. 2 qrs. ; and from Templeoombe to Waterloo, 195 tons 4 
cwts. 2 qrs. ; the mean load hauled throughout the journey being 
198 tons 17 cwts. 3 qrs. 

Fig. 216 shows the profile of the line, the steepest gradient being 
1 in 80. 

The maximum speed obtained was 81 miles per hour, while 
running on a down gradient of 1 in 80 between the 148th and 
149th mile post from Waterloo. 

The indicated horse-power taken just after at 80 miles per hour 
being 636*2 (see indicator diagram No. 139), fig. 217, with steam 




Mean effective preBsure, 26*75 IbB. per square inch. 
Fig. 217. — Indicator Diagram, No, 139. 



cut-off at 1 7 per cent of the stroke, the number of revolutions per 
mimite being 316. The mean speed, exclusive of stops, was 
44*45 miles per hour. The maximum indicated horse-power was 
804*3 (see indicator diagram No. 150), fig. 218, steam cut-off being 
48 per cent. This was obtained on the level and just leaving an 
up gradient of 1 in 200 at the 115 J mile post, the a\)eed being 27^ 
miles per hour, and the number of revolutions, 109 per minute. 
The mean boiler pressure throughout the journey was 169*4 lbs. 
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per square inch. The journey occupied 3 hours 47 minutes, the 
actual running time being 3 hours 18} minutes. 

The coal burnt per hour journey time was 1283 lbs. exclusive of 
lighting up, and 1388 lbs. inclasive of lighting up; and taking 
running time was 1467 lbs. exclusive of lighting up, 1585 lbs. 
inclusive. This gives 80*89 and 84*4 lbs. respectively per square 
foot of grate area per hour running time, and 70*76 and 76*49 lbs. 
respectively journey time. This is equivalent to 2*52 lbs. and 2*72 
lbs., exclusive and inclusive of lighting up respectively, per indicated 
horse-power running time ; and to 2*20 and 2*38 lbs., exclusive and 
inclusive of lighting up respectively, journey time. 

The coal burnt per train mile, exclusive of lighting up, was 32*98 
lbs., and inclusive of lighting up 35*65 lbs. ; and the coal burnt 
per engine mile, exclusive of lighting up, was 32*21 lbs., and in- 
clusive of lighting up 34*81 lbs. 




Mean effective preMore, 101*75 IbB. per aqiutre inch. 
Fig. 218. — Indicator Diagram, No. 150. 

The water evaporated per hour journey time was 10,150 lbs., or 
taking the running time 11,600 lbs. 

The water evaporated per square foot of total heating surface per 
hour, taking the journey time, was 7*47 lbs., running time 8*54 lbs.; 
the water evaporated per indicated horse-power per hour, taking 
running time, was 19*94 lbs. ; the water evaporated per lb of coal, 
exclusive of lighting up, was 7*91 lbs., and inclusive of lighting up 
7*32 lbs. ; from feed temperature, 7*91 lbs.; and the equivalent from 
and at 21 2"" Fah., 9*28 lbs. The temperature of the water at 
the time of lighting up was 165° Fah. 

The vacuum in inches of water was as follows : — At base of 
chimney, maximum 15*0 ins., mean 7*33 ins. ; level with top and 
in centre of blast pipe, maximum 12*8 ins., mean 6*27 ins.; at 
middle of middle row of tubes, maximum 9*0 ins., mean 4*77 ins. 
The maximum pressure in inches of water through the firehole 
door was 5*0 ins., mean, 2*16 ins. ; and in the ash pan, maximum 
0*8 in., and mean 0*19 in. The temperature of gases in the 
smokebox, taken at 1 mile intervals, was 780** Fah. maximum, 
and 627** Fah. mean. The coal stated includes that used 
while standing for 3§ hours. The weather was fine with moderate 
side wind. 
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Trial from London to SaUsbury. — The fifth trial was run on 
13th July, from Waterloo with the 2.40 p.m. train to Salisbury, 
a distance of 83| miles, with three intermediate stops. The 
load hauled, excluding engine and tender, and with no allow- 
ance for weight of passengers and luggage, was 137 tons 10 
cwts. 2 qrs. The steepest gradient was 1 in 141 up. The 
maximum speed obtained was 75 miles per hour, running on a 
down gradient of 1 in 178 at the 65th mile post. The indicated 
horse-power taken at the 64^ mile post, at 72^ miles per hour, being 
601*9, with steam cut-off at 17 per cent, of the stroke, and number 
of revolutions 287 per minute. The mean speed, exclusive of stops, 
was 46 '7 miles per hour. The maximum indicated horse-power 
was 626-1, with steam cutoff at 20 per cent, of the stroke. This 
was obtained on an up gradient of 1 in 264 at the 69th mile 
post, the speed being 50 miles per hour, and the number of revolu- 
tions 198 per minute. The mean boiler pressure throughout the 
journey was 170*8 lbs. per square inch. The journey occupied 2 
hours 4 minutes, the actual running time being 1 hour 47^ 
minutes. 

The coal burnt per hour journey time was 1137-9 lbs. exclusive 
of lighting up, and 1219-2 lbs. inclusive of lighting up ; and, taking 
running time, was 13 15-8 lbs. exclusive of lighting up, and 1409-8 
lbs. inclusive. This gives 72*49 and 77*67 lbs. respectively per 
square foot of grate area per hour running time, and 62*7 and 67*88^ 
lbs. respectively journey time. This is equivalent to 2*45 and 
2*76 lbs., exclusive and inclusive of lighting up respectively, per 
indicated horse-power per hour running time, and to 2*12 and 2*43 
lbs., exclusive and inclusive of lighting up respectively, journey 
time. The coal burnt per train mile, exclusive of lighting up, was 
28*16 lbs., and inclusive of lighting up was 31*18 lbs.; the coal 
burnt per engine mile, exclusive of lighting up, was 27*02 lbs., and 
inclusive of lighting up, 28*96. 

The water evaporated per hour journey time was 10,627 lbs., or 
taking the running time, 12,288*6 lbs. ; the water evaporated per 
square foot of total heating surface per hour, taking journey time, 
was 7*82 lbs., running time 9*04 lbs. ; the water evaporated per indi- 
cated horse-power per hour, taking running time, was 22*9 lbs. ; the 
water evaporated per lb. of coal, exclusive of lighting up, 9*34 lbs. ; 
inclusive of lighting up, 8*71 lbs. ; from feed temperature, 9*34 lbs.; 
and the equivalent from and at 212° Fah., 10*96 lbs. The tem- 
perature of the water in the boiler at the time of lighting up was 
6r Fah. 

The vacuum in inches of water was as follows : — At base of 
chimney, maximum 7*0 ins., mean 3 03 ins. ; level with top and in 
centre of blast pipe, maximum 6*8 ins., mean 4*96 ins. ; at middle 
of middle row of tubes, maximum 5*4 ins., mean 3*82 ins. The 
maximum pressure in inches of water through the firehole door 
was 2*2 ins., and mean 0*98 ins. ; and in the ashpan, maximum 0*8 
ins., and mean 0*16 ins. 
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The temperature of gases in the smokebox, taken at 1 mile 
intervals, was 740"* Fah. maximum, and the mean 575" Fah. 

The coal stated includes that used while standing for 3^ hours. 
The weather was fine with head wind. 

Means Employed in Observations. — The speed was taken by a- 
JBoyer speed indicator and recorder, driven from the bogie-wheel, 
and besides indicating on a dial the miles per hour, it recorded 
the same on metallic paper, the miles on the paper agreeing exactly 
with the mile posts on the line. 

The Boyer speed indicator is an instrument for showing at & 
glance the speed in miles per hour, and at the same instant record- 
ing it on a ribbon of paper, which, by the action of the instrument, 
is wound off one spool on to another. It is of special value for 
speed trials and records of the running of locomotive, stationary, 
and other engines, and for indicating purposes, where the speed 
is an important factor. The instrument consists essentially of a- 
rotary pump, cylinder and piston, all contained in a box 9 ins. 
by 7^ ins. by 9f ins. high. Oil is used as a circulating medium 
in the pump chambers, motion being transmitted to the pumps. 
by a wire coil band from a pulley attached to the bogie- wheel of 
the engine. 

In this way the fluid is pumped uuder the piston at a rate 
dependent on the speed, which is registered by a pencil carried by 
the piston-rod and controlled by a spring, the tension of which is 
the resisting force overcome by the pump ; a wire carried from this 
piston-rod to a gauge shows at a glance the speed at which the 
engine is running. 

The diagrams were taken with Crosby indicators, the springs 
used having a scale of 100 lbs. per inch of diagram. They were 
tested before using. 

Temperatures up to 680* Fah, were taken with an ordinary mer- 
curial thermometer; over 680'* with a mercury thalpotassimeter, 
which only commences to register at the boiling point of that 
liquid. In construction it is similar to a Bourdon pressure 
gauge, the dial being graduated in degrees to correspond with 
the temperature and pressure of the mercury with which the tube 
is filled. 

For the purpose of measuring the feed the tender was first 
filled and the contents passed through a Worthington water meter 
(previously corrected), and a gauge fitted to the tender was gradu- 
ated in cnbic feet as the water passed out. 

The coal was weighed before each trial on to a clean tender, any 
remaining at the end of each journey being weighed and allowed 
for. 

In calculating the engine efficiencies the amount of steam used 
by the ejectors in connection with the automatic vacuum brake, aa 
also that used in the steam brake cylinder, has been neglected ; 
consequently the actual engine efficiency would be in excess of that 
given. 
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TABLE XVL— Balancb 



Total heat of steam at 167*5* Fah = 1,228 B.T.U. 

Deduct feed temperature, 6V 



Thermal units taken up per lb. of steam, 



1,167 



Lbs. of water evaporated per lb. of coal . • . = 9*232 

Therefore 1,167x9-232=10,774 B.T.U. expended per lb. of coal in 
evaporating the water. 

Assuming that the specific heat of air . . . . = 0*237 
and that the quantity of air required per lb. of coal = 24 lbs. 

Let T = mean temperature of smokebox gases . . = 488 -9 1* Fah. 
and t = mean temperature of air = 68"* Fah. 

Then the heat carried away by smokebox gases 

= 24 (T - 0-237 

= 24 (488-91 - 68) 0-237 = 2,394 B.T.U. 

Heat units per lb. of coal . . . = 13,903 

Loss in smokebox = 2,394 B.T.U. per lb. of ooaL 



Available heat, 



11,509 



Then - * - =9-86 lbs. of water that should have been evaporated, as 
1,107 

against 9-23 lbs. evaporated. 

Therefore the heat lost by radiation and imperfect combustion, &c. = 735 
B.T.U. per lb. of coal. 



Heat evolved per lb. of Coal. 



B.T.U. 



Heat expended per lb. of Coal. 



Calorific value of 1 lb. of 



coal used. 



^1 13,903 



13,903 : 



B.T.U. 

Heat expended in evapora- \ ,^ p,^. 
ting the water, . j^ iU,//4 

Heat carried away by the ] 
products of combustion, I o 190 
lost by radiation and im- j «'t*^ 
perfect combustion, &c., ) 

13,903 
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Shkkt, Trial No. 1. 



Heat expended in evaporating the water 

Mean indicated horse-power 

Water evaporated per I.H.P. per hour (running time) 

„ per minute ,, 



>> 



Water actually evaporated per lb. of coal, inclusive of \ _ 
lighting up * / 

Then the heat taken up by the feed- water per minute 

10,774 X 0-373 x 490*6 



= 10,774 B.T.U. 
= 490-6 
= 22-4 lbs. 
= 0-373 „ 

9-23 „ 



9-23 



= 213,835 B.T.U. 



Joule's equivalent 



= 772 



The unite of heat per H.P. = ^^^ = 42-75 

Then the heat turned into work per minute 

= the mean I.H.P. x 42-75 

= 490-6 x 42-75 = 20,970 B.T.U. 

Efficiency of the engine 

= 100 X 2f3 835 = ^*® P®^ °®"^' 

boiler = 100 x lo'gno = 77-5 per cent., 

engine and boiler combined 
77-5 X 9-8 



19 



>f 



>> 



>» 



100 



= 7*7 per cent. 



Heat evolved per lb. of Coal. 



Per Cent. 

Calorific value of 1 lb. of \ iqa-qq 
coal used, . . ./ 



100 00 



Heat expended per lb. of Coal. 

Pep Cent. 

Heat expended in evapora- 1 1-7 e^ 
ting the water, ./ ''*^ 

Heat carried away by the \ 

{)roduct8 of combustion, r 00 .ka 
ost by radiation and im- 1 ^"w 
perfect combustion, &o., ) 



100*00 



20 
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TABLE XVII.— Balance 



Totalheatof steam at 167-2° Fah = 1,228 B.T.U. 

Deduct feed temperature, 61° 

Thermal units taken up per lb. of steam, . . . 1,167 

Lbs. of water evaporated per lb. of coal . . =8*34 

Therefore 1,167 x 8*34 = 9,737 B.T. U. expended per lb. of coal in 
evaporating the water. 

Assuming that the specific heat of air . . . . = 0*237 
and that the quantity of air required per lb. of coal = 24 lbs. 

Let T ■> mean temperature of smokebox gases . . = 494*66** Fah. 
and t = mean temperature of air ■■68° Fah. 

Then the heat carried away by smokebox gases 
= 24 (T-0 0-237 
= 24 (494-76 - 68) 0*237 = 2,427 B.T.U. 

Heat units per lb. of coal . . = 13,903 

Loss in smokebox = 2,427 6.T.U. perlb. of coaL 

Available heat, 11,476 ,, ,, ,, 

Then i-'n..* =9*83 lbs. of water that should have been evaporated, as 
against 8 '34 lbs. evaporated. 

Therefore the heat lost by radiation and imperfect combustion, &c = 1,739 
B.T.U. perlb. of coal. 



Heat evolved per lb. of Coal. 



B.T.U. 



Calorific value of 1 lb. of | |q qqq 
coal used, . ( ' 



/■ 

y" 



13,903 



Heat expended per lb. of Coal. 

B.T.U. 

Heat expended in evapora- \ q i,«. 
ting the matter, . ./ ^*'^^ 

Heat carried away by the \ 

{)roducts of combustion, f a \aa 
ost by radiation and im- 1 * 
perfect combustion, &c., ) 

13,903 
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Sheet, Trial No. 2. 



Heat expended in evaporating the water . . =.9,737 B.T.U. 

Mean indicated horse-power = 485*1 

Water evaporated per I.H.P. per hour (running time) . =23*02 lbs. 

,, ,, „ per minute ,, . = 0*3836 „ 

Water actually evaporated per lb. of coal, inclusive of \ __ 0.04 
lighting up i 

Then the heat taken up by the feed- water per minute 

= «737_x 0-3^ X 485-1 ^ ,^^^ ^ ^ ^ ^ 

Joule's equivalent, = 772 

The units of heat per H.P. = -^^ = 42*75 

Then the heat turned into work per minute 

= the mean LH.P. x 42*75 

= 4851 X 42*75 = 20,730 B.T.U. 

Efficiency of the engine 

20 730 
^ ^^ "" 21 77209 " ^'^ ^^ ''^"*^- 

9 727 
„ „ boiler = 100 x t^-Kt.^ = 70*0 per cent. 

,, ,, engine and boiler combined 

70*0 X 9-55 ^ __ ^ ^ 
= .^ = 6*68 pet* cent. 



Heat evolved per lb. of Coal. 



Per Cent. 



Heat expended per lb. of CoaL 



Per Cent. 



ilorific value of 1 lb, of \ iqa.oq 1 Heat expended in evapora- j .-^.^ 
coal used, . . . J . ting the water, . .\ ' " 



Heat carried away by the \ 

{>roducts of combustion, r gA.A 
ost by radiation and im- i 
perfect combustion, &c., ; 



100*00 



1000 
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TABLE XVIIL— Balanct 



Total heat of steam at 171 '7'' Fah. 
Deduct feed temperature, 



1,228 B.T.U. 
61* 



Thermal units taken up per lb. of steam, 



1,167 



Lbs. of water evaporated per lb. of coal . . . = 8*27 

Therefore 1,167*5 x 827 = 9,655 B.T.U. expended per lb. of coal in 
evaporating the water. 

Assuming that the specific heat of air . . . = 0*237 

and that the quantity of air required per lb. of coal = 24 lbs. 

Let T = mean temperature of smokebox gases . . = 604*62" Fah. 
and I = mean temperature of air . . . . = 68° Fah« 

Then the heat carried away by smokebox gases 
= 24 (T - /) 0-237 
= 24 (604*62 - 68) 0*237 = 3,052 B.T.U. 

Heat units per lb. of coal . . . = 13,583 

Loss in smokebox = 3,052 B.T.U. per lb. of coaL 



Available heat, 



10,531 



10,532 



»i 



if 



tt 



Then , ,* ^ =9*02 lbs. of water that should have been evaporated, as 
1167*5 *^ 

against 8 "27 lbs. evaporated. 

Therefore the heat lost by radiation and imperfect combustion, &c. = 876 
B.T.U. per lb. of coal. 



Heat evolved per lb. of Coal. 



Heat expended per lb. of Coal. 



B.TU. 

Calorific value of 1 lb. of \ ,„ -q^ 
coal used, . . f ^^'"^^ 



13,583 



Heat expended in evapora- 
ting the water, 

Heat carried away by the 

{)roducts of combustion, 
ost by radiation and im- 
perfect combustion, &c.. 



B.T.U. 
9,655 

3,928 

13,583 
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Sheet, Trial No. 3. 



Heat expended in evaporating the water . . = 9,655 B.T.U. 

( Mean indicated horse-power = 55S*1 

; Water evaporated per I.H.P. per hour (running time) . = 20 '7 lbs. 

„ „ ,, per minute ,, . = 0*345 ,, 

Water actually evaporated per lb. of coal, inclusive of ( _ qu>7 
lighting up 1 

Then the heat taken up by the feed-water per minute 

= »'«^ ^ 0^^_x_558il ^ ^^^^ 3 ^ y 

Joule's equivalent = 772 

The unite of heat per H.P. = ^^^ = 4275 

Then the heat turned into work per minute 

= the mean I.H.P. x 42*75 

= 5581 X 42'75 = 23.850 B.T.U. 



Efficiency of the engine 






9 655 
„ „ boiler = 100 x * ^ = 7ri percent., 



13,583 
engine and boiler combined 

= 7*67 per cent. 



>» »» 

71-1 X 11-55 



100 



Heat evolved per lb. of Coal. I Heat expended per lb. of Coal. 



Per Cent. 

\ Calorific value of 1 lb. of \ iqq.qq 
coal used, . . .J ^ 

: y 






Per Cent. 



100 00 



Heat expended in evapora- \ .... 
ting the water, . . J ' 

Heat carried away by the \ 

f)roducte of combustion, f oq.q 
ost by radiation and im- ( 
perfect combustion, &c., ; 



100-00 
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TABLE XIX.— Balancb 



Total heat of steam at 1694° Fah = 1,228-2 B.T.U. 

Deduct feed-temperature, 61 H)' 



Thermal units taken up per lb. of steam, . 



1,167-2 



Lbs. of water evaporated lb. of coal, . . . s 7-32 

Therefore 1,167*2 x 7-32 = 8544 B.T.U. expended per lb. of coal in 
evaporating the water. 

Assuming that the specific heat of air . . . . =: 
and that the quantitj' of air required per lb. of coal = 

Let T s mean temperature of smokebox gases . = 

and t = mean temperature of air, . . . = 

Then the heat carried away by smokebox gases 

= 24 (T- 0-237 

= 24 (627-0 -68) 0-237 = 3.179 B.T.U. 

Heat units per lb. of coal . . . = 12,840 

Loss in smokebox = 3,179 B.T.U. per lb. of coaL 



0-237 
24 lbs. 

627 0" F. 
68** F. 



Available heat. 



9,661 



9,661 



Then-p-* ^^ = 8*27 lbs. of water that should have been evaporated as 
against 7 '32 lbs. evaporated. 

Therefore the heat lost by radiation, imperfect combustion, &c., = 1,117 
B.T.U. per lb. of coal. 



Heat evolved per lb. of Coal. 



Heat expended per lb. of Coal. 



Calorific value of- 1 lb. of 
coal used, 



')]'' 



B.T.U. 
840 



12,840 



B.T.IT. 



Heat expended in evapora- 1 ^ 
ting the water, . • ) 

Heat carried away by the 

{>roducts of combustion, 
ost by radiation and im- 
perfect combustion, kc , 



544 



4,296 



12,840 
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Sheet, Teial No. 4. 



I 



Heat expended in evaporating the water . . . = 8,544 6. T.U. 

Mean indicated horse-power = 582 

Water evaporated per I.H.P. per hour (running time) = 19*94 Ibe. 

,, ,, M per minut« ,, — 0*3,2)23 „ 

Water actually evaporated per \h. of coal, inclusive of j 

Ughting up I = 7-32 

Then the heat taken up by the feed-water per minute 

= 8'«i-^«l.^^^-« = 225.734 B.T.U. " 

Joule's equivalent = 772 

The unite of heat per H.P. = -ISr = 4275 . 

Then the heat turned into work per minute 

SB the mean I.H.P. x 42*75 

= 5820 X 42 75 = 24,880 B.T.U. 

Efficiency of the engine 

8 544 
„ ,, boiler = 100 x -v^^tr. =■ 66*54 per cent., 

„ engine and boiler combined 

66-54 X 1102 ^^^ 
= .-j^.- = 7*34 per cent. 



Heat evolved per lb. of Coal. 



orific value of 1 lb. of 
^oal used, 



Per Cent 
[| 10000 



100 00 



Heat expended per lb. of Coal. 



Per Cent. 



Heat expended in evapora- \ qq»ka 
ting the water, . / 



Heat carried away by the 

{>roduct8 of combustion, 
ost by radiation and im- 
perfect combustion, &c. , 



33-46 



100 00 
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TABLE XX.— Balance 



Total heat of steam at 170*8" Fah = 1228-4 B.T.U. 

Deduct feed temperature, 61*0" 



Thermal units taken per lb. of steam, • 



1167-4 



Lbs. of water evaporated per lb. of coal . . = 8-71 

Therefore 1,167*4 x 871 = 10,173 B.T.U. expended per lb. of coal in 
evaporating the water. 

Assuming that the specific heat of air . . . . = 
and that the quantity of air required per lb. of coal = 

Let T = mean temperature of smokebox gases . . = 
and t = mean temperature of air . . . . = 

Then the heat carried away by smokebox gases 

= 24 ^T - 0-237 

= 24 (5751 - 68) 0-237 = 2,884 B.T.U.. 

Heat units per lb. of coal .... a 13,477 

Loss in smokebox = 2,884 



0-237 
24 lbs. 

575-r Fah. 
68' Fah. 



Available heat, 10,593 

10 593 
Then |~|V7":t= ^'07 lbs. of water that should have been evaporated, as 

against 8-71 lbs. evaporated. 

Therefore the heat lost by radiation, imperfect combustion, &c. = 420 
B.T.U. per lb. of coal. 



Heat evolved pep lb. of Coal. 



Calorific value of 1 lb. of 



coal used. 



B.T.U. 



13,477 



/ 



/ 



/ 



y 



/ 



y 



13,477 



Heat expended per lb. of Coal. 



B.T.U. 

Heat expended in evapora- i in i^-o 
ting the water, . . J*".*'^ 



Heat carried away by the 

{products of combustion, 
ost by radiation and im- 
perfect combustion, &c., 



3,304 



13,477 
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I Heat expended in evaporating the water . . . = 10,173 B.T.U. 

I Mean indicated horse-power = 536*7 

' Water evaporated per I.H.P. per hour (running time) = 22 '9 lbs. 

„ „ ,, per minute ,, . = 0*381 „ 

Water actually evaporated per lb. of coal, inclusive of 1 _ «.-| 
lighting up ........ i 

Then the heat taken up by the feed-water per minute 

10,173 X 0381 x_5367^^.3j^ 3^^^^^ 



8*71 



Joule's equivalent 



= 772 



The units of heat per H.P. = ' ^^^^ = 42-75 

Then the heat turned into work per minute 

= the mean I. H.P. x 42*75 

= 536*7 X 42*75 = 22,050 B.T.U. 

Efficiency of the engine 

= 100 X ^^^ = 9*61 per cent., 



»> 



51 



„ boiler = 100 x , '.^« = 75 "5 per cent., 

lo,4i/ 

,, engine and boiler combined 
75*5 X 9 61 



100 



= 7*25 per^cent. 



Heat evolved per lb. of Coal. 



Heat expended per lb. of Coal. 



Per Cent. 



. Calorific value of 1 lb. of 



coal used, 



'} 



100*00 



Per Cent. 

Heat expended in evapora- J ^i-. 
ting the water. 

Heat carried away by the 
products of combustion, 
fust by radiation and im- 
perfect combustion, &c., 



75*5 



24*5 



100*00 



100*00 
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. CHAPTER XX. 

AMERICAN LOCOMOTIVES. 

Contents. — Practice in Relation to Working Conditions — Ty^pes of American 
Locomotives — Compound Locomotives in America — ^Cylinders and Steam- 
chests — Pistons and Piston-rods — Metallic Packing — Crossheads and Slide 
Bars — Valve Grear— Slide Valves — Frames, Homblocks, and Horn-stays — 
Axle-boxes — Bearing Springs — Wheels — Boilers — Smokebox ; chimneys 
— Tenders — Height of Centre of Gravity. 

In this chapter it is intended to point out, in as succinct a manner 
as possible, the leading distinctions between American and British 
practice in locomotive construction. Certain of the details of 
American locomotives and American practice have already been 
described in the course of the preceding chapters. It is not pro- 
posed to repeat these. The chapter will contain a brief description 
of the leading typical forms of locomotives in general use in 
America — avoiding departures from the normal and mere novelties 
— followed by a survey of the broad differences in regard to details. 

PRACTICE IN RELATION TO WORKING CONDITIONS. 

Before entering upon a comparison between British and Ameri- 
can locomotives, it may be profitable to consider for a moment 
why divergencies occur. They are not, in general, merely acci- 
dental or fanciful — to be accounted for as matters of taste or by a 
supposed national prejudice or caprice. In the main, they are the 
outcome of the effort to adapt the locomotive to the conditions 
under which it does its work — they exemplify the law of the 
survival of the fittest. Probably a very small residuum, if any, is 
to be accounted for merely as the result of the individual prefer- 
ences of the designers. On the other hand, it would not be easy — 
scarcely possible indeed — to establish the precise value or to point 
out exactly the controlling conditions of every difference in foreign 
practice or design from that obtaining here. 

To consider the various forms and details of foreign locomotives 
in the light of the conditions to which they have been caused to 
conform is, nevertheless, the most advantageous mode of proceeding. 
To attain a clear comprehension of the relation of the various 
designs to the working and other conditions is an essential step in 
turning to account the experience of others. To those, indeed, 
upon whom the task falls of adapting the locomotive to new con- 
ditions abroad — or even to changing circumstances at home — the 



AMERICAN LOCOMOTIVES. 315 

Study of the locomotives of the United States must be of especial 
interest. It is, indeed, likely that the conditions to be faced in the 
future railways of, say, Africa or Siberia -will be found &r more 
comparable to those obtaining in America than to those prevailing 
in this country or in Western Europe. 

Among the chief conditions upon which locomotive design is 
more or less remotely dependent may be enumerated the character 
and surroundings of the road, the distances to be traversed, the 
facilities for effecting repairs, the cost of labour, the description of 
fuel available, the nature of the traffic, and the climatic conditions. 
All these, and others, have had their share in bringing about those 
divergences between American and British locomotives which are 
the subject of this chapter. 

The most noticeable differences are, perhaps, the much longer 
and larger boiler barrel and firebox in the American locomotive, 
the greater height of the boiler centre, and the extended smokebox, 
the large size of the closed-in and commodious cab — often in front 
of the firebox — and the more extensive employment of coupled 
axles. The more important constructional differences comprise the 
use of the open or bar frame, the frequent mounting of the firebox 
above, instead of between, the frames, and the almost exclusive use 
of steel in its construction ; also the universal employment of out- 
side horizontal cylinders, usually cast in one with half the saddle 
which supports the smokebox end of the boiler. Other important 
differences are the placing of the valve gear inside the frames and 
transmitting the motion to the valve, which is outside on top of 
the cylinder, through the medium of a rocker arm ; the more 
extensive use of equalising levers between the springs ; and the 
use of chilled truck-wheels and cast-iron centres for the driving- 
wheels. A broader distinction is the extent to which accessibility 
is studied in American design. In addition to these differences in 
construction, American locomotives also have several accessories 
generally wanting in Europe, such, for instance, as the " cow- 
catcher," the bell, and the enormous headlamp in front of the 
chimney. 

In the case of some of these the especial features in the conditions 
which have exercised a determining infiuence are assignable with- 
out difficulty. Thus, for example, the huge headlight has arisen 
from the practice, at one time almost universal on single track 
n>ads, of *' running by the smoke or headlight." ' The engineer 
avoided collisions in the daytime by watching for engine smoke, 
tuid at night by keeping a sharp look-out for the glare of an 
approaching headlamp. The character and surroundings of the 
road, again, account in part for the extensive use of equalising 
levers, for the earlier and more general employment of pony trucks 
and bogies, and for the well-known ** cow-catcher." The lack of 
&cilities for repairs and the cost of labour have been operative in 
bringing about, among other things, a persistent endeavour after 
simplicity, accessibility, and interchangeability of parts. The 
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description of fuel available — in early days wood, and the same 
even at the present time in some regions — have been influential in 
instituting the ample grate areas and large heating surfaces; aJso, 
with the forcing of the boiler, the extended firebox and large spark 
arresters. The nature of the traffic and the distances to be traversed 
— which induce the formation of " freight " trains of from three to 
four times the weight of goods trains in this country — has probably 
been in part, at least, the cause of the large growth in size, weight, 
and power of American locomotives, and of the wide employment 
of multiple coupling of the axles. The larger " load gauge ** in 
America has also been ot some moment in this connection. The 
climate will account for the commodious cab, and will probably, since 
steam heating of the cars has been adopted, assist in keeping up 
the demand for increase of boiler power. These instances will be 
enough at this stage to exemplify the relation between surrounding 
conditions and design. Others will be pointed out in the sequel. 

TYPES OF AMERICAN LOCOMOTIVES. 

1. "American" Type or Eight- wheel Engine.— The normal or 
representative type of passenger engines on the American Con- 
tinent has four coupled wheels and a leading: four-wheel bogie, in 
these respects resembling the more recent British express loco- 
motives. It is commonly known either as the '* American " type 
or the " eight-wheel " engine. Engines of this kind far outnumber 
those of all other forms together. Fig. 219 gives a £Ekir idea of the 
general appearance of engines of this type ; and in Plate IX. is 
shown the general arrangement and design of the principal parts of 
a slightly different example of the same class. 
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Fig. 219. — "American" Tyi>e or Eight- wheel Engine. 

In order to convey some notion of the dimensions of these 
engines the principal particulars of a few selected examples are 
here given. Attention is not confined merely to the largest and 
most powerful. All the engines mentioned are built for the 
4 ft. 8^ ins. or 4 ft. 9 ins. gauge, which in America, as in this 
country, is the standard gauge. 



INDEX TO PLATE IX. 
American Express Passenger Engine, 
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L Boiler. 

2. firebox. 

3l Crown staying. 

4. Dome. 

5. ThroUle. 

6L Throttle stufSng-boz. 
7. Throttle lever. 

9. ToInm. 
IOl 9mokebox. 

11. Steam pipe in smokebox. 

12. Smokebox front. 

13. Smokebo^ door. 

14. NnmberpUte. 

15. Smokestack. 

16. Fire door. 

17. Boiler jacket. 

18. Safety valve. 

19. Safety-valve relief lever. 

20. Spark ejector. 

21. Firebrick. 

22. Cylinder. 

23. Cylinder head, front 

24. Cylinder head, back. 

25. Cylinder-head cover, front. 

26. Cylinder-head cover, back. 

27. Steam-chest. 

28. Steam-chest cap. 

29. Steam-chest cover. 

30. Steam-chest valve. 

31. Steam-chest valve yoke. 

32. Steam-chest oil j>ipe. 

33. Steam-chest rekef valve. 

34. Cylinder cocks. 

35. Cylinder-cock rigginp^. 

36. CyUnder-oock lever m cab. 

37. Engine frame and pedestals. 

38. Enfipne frame front rail. 

39. Middle brace of frame. 

40. Back brace of frame. 

41. Pedestals, wedge and gib. 

42. Driving-box. 

43. Driving-axle. 

44. Eccentric. 

45. Wheel centre. 

46. Counterbalance. 

47. Crank-pin. 
4a Tire. 

49. Qnide bearer. 
fiOi Guide (top bar). 

51. Guide (bottom bar). 

52. Crosshead. 

53. Crosshead oil cup. 

54. Guide oil cup. 

55. Eooentric-rod (forward motion) 

56. Eccentric-rod (backward motion). 

57. Reverse link. 

58. Stiding block. 

59. Lifting link. 

60. Reverse shaft. 

6L Counterbalance spring. 

62. Reverse lever-rud 

63. Reverse lever. 
6i Rockshaft 

65. Valve-rod. 

66. Main rod. 



67. Parallel or side rod. 

68. Piston-head. 

69. Piston-rod. 

70. Driving spring. 

71. Driving spring links. 

72. Equalising beam. 

73. Equalising beam fulcrum. 

74. Pilot. 

75. Front draw-bar. 
76u Front bumper. 

77. Pilot brace. 

78. Engine truck frame. 

79. Engine truck wheels. 

80. Engine truck axle. 

81. Engine truck box. 

82. Engine truck spring. 

83. Engine truck equalising beam. 

84. Sand-box. 

85. Sand pipe. 

86. Bell. 

87. Bell stand. 

88. Bell yoke. 

89. Running board. 

90. Driving-wheel cover. 

91. Engine truck wheel cover. 

92. Cab bracket 

93. Back bumper. 

94. Engine step. 

95. Engine step hanger. 

96. Footplate. 

97. Tender wedge. 

98. Tender wedge box. 

99. Grate bars. 

100. Drop plate. 

101. Rocking grate lever. 

102. Rocking grate rod. 

103. Drop plate crank. 

104. Drop plate rod. 

105. Exhaust nozzle. 

106. Netting in smokebox. 

107. Cleaning hole and cap. 

108. Whistle. 

109. Whistle lever. 

110. Headlight. 

111. Headlight shelf . 

112. Headlight step. 

113. Headlight step on smokebox.. 

114. Smokebox brace. 

115. Steam-gauge stand. 

116. Steam gauge. 

117. Cab lamp. 

118. Air gauge. 

119. Injector. 

120. Injector steam valve. 

121. Injector check. 

122. Injector check pipe. 

123. Injector steam pipe. 

124. Hose and feed-pipe coupling.. 

125. Gauge cocks. 

126. Cab. 

127. Cab handle. 

128. Handrail 

129. Handrail columns. 

130. Air-brake pump. 

131. Engineer's valve. 

132. Air drum. 
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We may take first a locomotive of the American type b 
the Brooks Company. The cylinders are 17 ins. in diamete 
of 24 ins. stroke, and the driving-wheels are 6 ft. in di 
The rigid wheel-base is 9 ft, and the total wheel-base 23 fb. 
The boiler has a firebox of the Belpaire type with conical 
nection. The working pressure is 180 lbs. per square inch, 
the total heating surface is 1413 sq. ft. The weight on the 
'drivers is 14^ tons, on the rear drivers 14^ tons, on the 
17^ tons ; tlie total weight being nearly 46^ tons. 

Another example is a Baldwin locomotive of the same 
with cylinders having a diameter of 18 ins. and a stroke of 24 
The driving-wheels in this case have a diameter 5 fb. 8 ins., 
the bogie wheels, 33 ins. The rigid wheel-base is 8 fb. 9 ins., 
the total 22 ft. 10 ins. The grate area is 17*6 sq. ft., and the 
heating surface 1536 sq. ft. The total weight is 45 tons, of w 
28f tons is on the driving-wheels, and 16^ tons on the truck. 

A more powerful locomotive, with cylinder dimensions m 
favoured for express passenger engines in this country at the p 
time, is one made by the Cooke Locomotive Company, ha 
cylinders 19 ins. in diameter and a stroke of 26 ins., and dri 
wheels 6 ft. in diameter. The boiler barrel is 12 ft. 1 in. in len; 
And has a diameter of 5 ft. 6 ins., and the firebox is 10 ft. 6 in& 
length. The grate area is 36*3 sq. ft., and there are 1894 sq. ft. 
heating surface. The total weight is 60 tons, of which 39| tons 
supported by the driving-wheels. 

The last example of this type of engine is the celebrated '' Ni 
999 " of the New Tork Central Railroad. This has cylinders of 
ins. diameter and 24 ins. stroke, and driving-wheels of 7 ft. 2 i 
in diameter. The rigid wheel-base is 8 ft. 6 ins., and the to^ 
wheel-base 23 ft. 11 ins. in length. The diameter of the boiler i 
5 ft. ; the length of the barrel 12 ft. 9 ins., and the length of th 
firebox 9 fb. 9 ins. The total weight is over 55 tons, and the 1 
•on the driving-wheels 37^ tons. 

2. Mogul Type. — ^The " Mogul '' type has six coupled wheel 
one of them commonly flangeless — and a leading pair of truckl 
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Fig. 220.— Mogul Engine. 



EF 



^ — . 




■z-^X 



icr::: 



AMERICAN LOCOMOTIVES. 



319 



wheels. These are occasionally employed as passenger engines, 
but are generally recognised as " freight " or goods engines. An 
engine of this type is shown in fig. 220. As an example of weights 
and dimensions of such an engine we may take a Mogul engine 
constructed by the Baldwin Company. This has cylinders with a 
diameter of 19 ins. and stroke of 24 ins. The driving-wheels are 
4 ft 8 ins. in diameter. The rigid wheel-base is 15 ft. 5 ins., and 
the total 23 ft. 6 ins. The inside diameter of the boiler where 
least is 4 ft. 11 ins., and the length of the barrel 11 ft. 6 ins. The 
length of th^ firebox is 6 ft. 2 ins. The total heating surface is 
1607*5 sq. ft., and the working pressure 160 lbs. per square inch. 
The adhesive weight is 40f tons, and the total weight is over 48^ 
tons. 

3. Ten-wheel Engine. — Another and very important type of loco- 
motive, analogous as regards its employment to the "mixed traffic" 
engines in this country, is known as the " ten- wheel " engine. 
This has six coupled wheels and a leading four-wheel bogie, as 
shown in fig. 221. Nearly all Western railroads use ten-wheel 
engines for their express trains. The same engines are also used 
for express live-stock trains which are run at passenger train 
speed. 




./^(♦S........... ,J 



jS^iii niT" — ..- — w-i' 

Fig. 221.— Ten- wheel Engine. 

These engines are commonly of greater power than either of the 
preceding dasses. But before giving particulars of one of the 
larger examples, it may be of interest to notice the dimensions of 
an engine of this kind, built by the Brooks Company, that made a 
remarkable record in the autumn of 1894. The cylinders of this 
engine have a diameter of 17 ins. and a Htroke of 24 ins., and the 
driving-wheels are 5 ft. 8 ins. in diameter. In a well-attested trial, 
this engine accomplished 510 miles on the Lake Shore and Michigan 
Railroad in just under 7 hrs. $1 mins. uett, and in 8 hrs. 1 min. 
including stops. The average speed between stations was 63*61 
miles per hour. 

The boiler diameter is 4 fL 4 ins. ; the length of barrel is 13 ft. 
10 ins., and of the firebox 7 ft. 11 ins. The grate area is 28 sq. ft. ; 
the total heating surface 1603 sq. ft., and the working pressure 
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180 lbs. per square inch. The weight on the truck is 11 tons, 
on the drivers 39^ tons ; total, 50^ tons. 

A larger engine of this type — more representative, in point of 
dimensions, of the more powerful class of express engines — is one 
built by the Cooke Locomotive Company. The cylinders are 21 
ins. in diameter and have a stroke of 26 ins. The six coupled 
wheels have a diameter of ft. 2 ins. The grate area is 28 sq. ft., 
and the total heating surface 1970*8 sq. ft. The total weight is 
61 tons, of which 45^ tons is adhesive weight, and 15| tons ii» 
borne by the bogie. 

Another example, somewhat larger, is a ten-wheel engine of tlie 
Southern Pacific Bailroad, with cylinders 21 ins. in diameter and of 
28 ins. stroke, and driving-wheels 6 fb. in diameter. The boiler 
has a diameter of 5 ft. 2 ins. where smallest, and the total heating 
sur&ce is 2405*9 sq. ft. The working pressure is 200 lbs. per 
square inch. The total weight of this engine is 68 tons. 

4, Consolidation Type. — The '' Consolidation '* engine has eight 
coupled wheels and a leading pair of truck wheels. These engines 
are intended for heavy freight trains on roads having steep 
gradients. They are practically the analogue of the goods engine 
in this country. 

The example given in fig. 222 is one constructed at the Rogers 
Locomotive Works. The coupled wheels are 4 ft. 8^ ins. in 
diameter, three pairs being placed as close together as possible, the 
distance between the centres being only 5 ft. One pair of wheels 
is fiangeless. The driving wheel-base is 16 ft. 9 ins. The cylinders 
are of 21 ins. diameter and 24 ins. stroke. 




Fig. 222. — Consolidation Engine. 

The firebox — of the Belpaire type — is 1 2 ft. in length over all, 
and the tubes are 11 ft. 10^ in. in length. The total heating 
surface is 1622*5 sq. ft., and the working pressure 165 lbs. per 
square inch. The weight on the drivers is 53 tons, and the total 
weight 61 tons. 

5. « Decapod" and '< Mastodon" Types. — Another type has a 
leading two- wheel truck and five coupled axles. This is known 
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as the " Decapod.*' An example is illustrated in fig. 223. In this, 
the cab is in front of the firebox and a separate shelter is provided 
at the rear for the fireman. The firebox is of the " Wootten " 
type, which will be again referred to below. 




] 



Fig. 223.—** Decapod" Engine. 

Of the five pairs of coupled wheels, the second and third are with- 
out flanges. They are all of 4 ft. 2 ins. diameter. The engine is 
a four-cylinder compound of the Vauclain type, in which a high- 
and low-pressure cylinder — one vertically above the other — on 
each side of the engine work on the same crosshead. The diameter 
of the high-pressure cylinder is 16 ins., and of the low-pressure 
27 ins. ; the stroke of each being 28 ins. The boiler is 6 ft. 21 ins. 
in diameter inside the smallest ring, and the length of the tubes is 

12 ft. The width of the firebox inside is over 8 ft. 2 ins. and its 
length nearly 11 ft., giving the enormous grate area of 89*5 sq. ft. 
The total heating surface is 2443 sq. ft. 

It may be interesting at this point to glance at some particulars 
of the most recently constructed " Mastodon," said to be the 
largest locomotive hitherto anywhere constructed. This huge 
engine, which has been built specially for drawing freight trains of 
extreme weight in the mountainous Montana district, is supported 
on four coupled axles and a leading four-wheel bogie. It is a two- 
cylinder simple engine with cylinders of 21 ins. diameter, having a 
stroke of 34 ins. The eight coupled drivers are each 4 ft. 7 ins. in 
diameter. These elements make the tractive coefficient 262, and 
this, with the boiler pressure of 210 lbs. per square inch, gives 
nearly ^5,000 lbs. as the maximum tractive effort the engine is 
capable of exerting. The slide valves are of the piston type and are 
1 fit. 2^ ins. in diameter. 

The dimensions of the boiler are proportionate to the large 
capacity of the cylinders. In diameter it ranges in different parts 
horn 6 ft. 6 ins. to 7 fb. 3 ins., while the tube length is upwards of 

13 ft. 10 ins. The length of the firebox, which is of the Belpaire 
type, is 10 ft. 4 ins. The boiler centre is 9 ft. 5 ins. above the rails. 
The grate area is 34 sq. ft., and the aggregate heating surface^is 
3280 sq. ft. 

The total weight of the engine without tender is 96 tons, of 

21 



322 



DESIGN AND (X)N8TRUC7nON OF LOOOMOTIVES. 



which 18 tons are carried by the bogie, and 78 tona on the four 
pairs of driying- wheels. 

6. Colunbia and Atlantic Types. — The types enumerated above 
are the most usual. In the case of one railway, however — the 
Philadelphia and Beading — single drivers have been recently intro- 
duced ; and in other cases the foregoing types are modified by the 
addition of a trailing pair of wheels, together with, in eight- wheel 
engines, the substitution of a two-wheel for a four-wheel leading 
truck. Examples of these modifications are the " Columbia " type, 
fig. 224, and the << Atlantic " type, ^g. 225. 




Fig. 224.— Columbia Type. 
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Fig. 625.— Atlantic Type. 

A celebrated engine of the latter kind is a four-cylinder com- 
pound on the Yauclain system, with high-pressure cylinders of 
13 ins. diameter, low-pressure cylinders of 22 ins. diameter, stroke 
of 26 ins., and with driving-wheels of 7 ft. 01 in. diameter. This 
engine, in the summer of 1897, ran daily during July and August 
from Camden to Atlantic City, a distance of 55^ miles, in an 
average time of 48 mins. The average speed was, therefore, 69 
miles per hour between stations. The load was sometimes 243 
tons, including engine and tender, but more often was about 270 
tons. In 1896, on the same journey, the average speed during 
three months was 59 miles per hour with a load of 400 tons. This 
example is especially interesting as exemplifying the capabilities of 
the compound engine in respect to high speed. 
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The boiler of this engine is 4 ft. 10| ins. in diameter with a 
length of 13 ft. over the tubeis. The firebox of the Wootten type 
is 9 ft. 6 ins. long and 8 ft. wide. The total heating surface is 
1835 sq. ft., and the adhesive weight about 35 tons. 

A further example of the performances of American express 
engines in respect to speed, is the running of the " Empire State 
Express," on the New York Central Railroad, from New York to 
Buffalo. The distance is 440 miles, and is covered in eight hours 
fifteen minutes. This is at an average speed, between stations, of 
53 miles per hour, including the time lost in four stops. This 
train consists of four cars weighing 175 tons, the total weight of 
engine and train being 288 tons. 

Another celebrated train is the Chicago Limited, which runs 
from Jersey City to Chicago, a distance of 9 13 miles, in twenty-four 
hours. This is at an average speed of 38 miles per hour, including 
ten stops. In the first 445 miles the Appalachian mountains have 
to be crossed. This entails climbing gradients amounting in the 
aggregate to an ascent of 4389 feet in a distance of 202 miles ; or 
an average rise of about 1 in 243 over the whole of this portion of 
the journey. 

COMPOUND LOCOMOTIVES IN AMERICA. 

The general features of the Von Berries, the Lindner, and 
Vauclain systems of compounding, all of which under various 
modifications are employea in American locomotives, have been 
described in Chapter III. It is, therefore, not necessary to say 
more here than that examples of these are to be found in most of 
the types of locomotives indicated above. 

There ap])ears, however, to be the same balance of opinion in 
America as here in respect to the advantages of compounding the 
locomotive engine. The adoption of the compound system is strongly 
advocated by many engineers on the score of economy and general 
efficiency. It is urged (1) that it enables full benefit to be derived 
from the use of the high pressures now feasible, without at the 
same time entailing a wastefully high exhaust pressure ; (2) that 
it reduces cylinder condensation, owing to the smaller range of 
tem|>erature variation in each cylinder in the compound as com- 
pared with the simple engine; (3) that it permits, as a consequence of 
these economies, a milder drauglit and a slower rate of combustion 
to be employed, resulting in less loss of heat in the waste gases ; 
and (4) that it enables the tractive effort to be increased upon 
occasion 25 per cent, or 30 ])er cent, by means of temporary single- 
expansion working. At the same time advocates of the com[)Ound 
locomotive claim that, owing to the lighter and more uniform 
strains to which it is subject, the cost of maintenance is not higher 
than that of simple locomotives, notwithstanding the additional 
parts to be cared for. 

It would not fall within the scope of these pages, even if it were 
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a profitable task, to set out and critically examine the evidence on 
which this advocacy grounds its claims. It will be sufficient here 
to remark that — whether on account of dislike of the seemingly 
increased complexity, or supposed greater liability to mishap, or to 
an opinion that no permanently and distinctly marked superiority 
in general efficiency, taking all working conditions into account, 
has as yet shown itself in the compound locomotive — those who 
urge the extension of the system have not as yet succeeded in 
bringing about its general adoption. The compound locomotive 
appears, in America as in this country, to be on trial ; the attitude 
of railroad management towards it is still that of waiting. Signs 
are not wanting, however, that it is beginning to make substantial 
headway, at least in regard to certain classes of traffic. 

CYLINDERS AND STEAM-CHESTS. 

The cylinders are almost universally placed outside the frames, 
with the steam-chest on top. American engineers consistently aim 
at placing all working parts in full view^ and disposing them so as 
to be easily accessible. Outside-cylinders further this end more 
fully than any other arrangement possibly could. The general 
considerations bearing on the relative merits of the inside and 
outside position of the cylinders in locomotives have been enume- 
rated in Chapter II., and need not be further discussed in this 
place. 

The thickness of metal, the steam passages, and clearances are 
about the same in America as here ; but the ports are there made 
rather longer. The difi'erences are almost wholly in, and conse- 
quential to, the different dis^iosition of the cylinders and Talve- 
chests. 

The cylinders are sometimes cast separately and secured to a 
distance piece between the frames, forming a saddle on which the 
smokebox rests. But the plan most generally followed is to employ 
two castings only, each casting forming one cylinder and half the 
saddle. The two castings are bolted together at the centre of the 
engine. The result is a much more rigid connection than where 
there are three castings, and at the same time several steam-tight 
joints are avoided. 

Fig. 226 shows, in front elevation and in plan, an example of this 
method of constructing cylinders. A is the cylinder, with port 
face, B, cast in one with the half-saddle, C. In the latter are 
formed the steam branch, D, and exhaust branch, E. F is the 
recees into which the frame bar enters, and by which the saddle 
and cylinder are secured to the frame. 

A feature worth mentioning is the generally smaller number of 
bolts used to make the joints than is usupI here. 

This necessitates the making of the joints of the cover either by 
grinding, or with red lead, boiled oil, or black japan. The joints 
are not scraped as a rule. The steam pipes are usually jointed by 
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meftns of spherical seatings or " ball and socket joints," and a 
held by two bolts only. 




Fig. 226.— Cylinder and Saddle. 
The steam cheat — in the example shown— is in the form of a 
separate box, G, secured by lonff studs over the cylinder port frtce. 
In some cases, the cover is cast separately, but is still held by long 
studs in the same manner. The joint between the cover and the 
box, if any, and between the box and the cylinder are made with 
copper wire. 
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In fig. 227 is skown, in perspective, the cylinder axid saddle 
casting for a Baldwin compound locomotive of the Vauclaln type. 
The centre line of the low-pressure cylinder, L, is vertically over 
that of the high-pressure cylinder, H, both working on the same 
crosshead. The valve chest is at Y. The recesses at A and B are 
for the reception of the upper and lower members of the front 
portion of the bar frame. This is the arrangement adopted in Mogul, 
Consolidation, and Decapod locomotives. When this portion of the 
frame is composed of a single member, as in American type and 
ten- wheel engines, the high-pressure cylinder is placed uppermost, 
and the valve chest also is differently disposed. The half saddle, C, 
abuts against the similar half oast with the cylinders on the opposite 
side of the engine, and the two are securely bolted together. 




Fig. 227.— Cylinders and Saddle for VauclainlCompound Locomotive. 

PISTONS AND PISTON-RODS. 

The solid Ramsbottom piston, with cast-iron rings sprung into 
place, is much used. It is, however, commonly made to conform in 
outline to the older type of piston which it displaced. That is to 
say, the piston is made with a flat fro tit and back and is cored out 
to lighten the casting. This form arose from the desire to avoid 
the expense of new cylinder covers when the new pistons were 
fitted to old engines. The piston-rods are of scrap iron, cold rolled 
shafting, or steel. When of rolled iron they are generally not 
turned. They are secured to the piston-head either by a cotter or 
by a nut. The rod is made large enough to allow of its being 
turned up when worn. 

METALUC PACKING. 

Fig. 228 shows a form of metallic packing for piston-rods, which 
is also used in a slightly modified form for valve spindles. Three 
soft or anti-friction metal rings, 4, 5, 5, cut so as to closely embrace 
the rod, fit into a conical cup, 3. This has a flat bearing against 
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the face of another ring, 2, which has a ball or spherical seating 
against the gland or follower, L. Clearanoes are allowed so as to 
permit a certain freedom of lateral movement. Both these bearing 
sur&ces or seatings are ground together so as to form a steam-tight 
joint in any position. The soft metal rings are kept in the cup by 
a ring, 6, on which a spiral spring, 7, acts, and are also pressed in 
tightly by the steam so as to be forced closely into contact with the 
rod, hereby making a steam-tight joint. Absorbent material for 
retaining the lubricant is placed in the holder, 11; 12 is the oil-cup 
bracket. 




WQWUB 




Fig, 228. -Metallic Packing. 

CROSSHEADS AND SLIDE-BARS. 

The four-bar crosshead shown in fig. 229 was at one time the 
form most generally employed, but the lack of space between the 







I 

Fig. 229.— Four-bar Crosshead. 
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piston-rods and the coupling-rods in engines of the Mogul, Consoli- 
dation, and other multi-coupled types has led to the adoption of 
two-bar forms. The four- bar crosshead differs considerably from 
its analogue in British practice. The whole of it is usually formed 
in a single steel casting, including the gudgeon or pin on which the 
connecting-rod works. 

This type of crosshead has been adapted to the Vauclain com- 
pound engine, in which a high and low-pressure cylinder on each 

side of the engine work on the 
same crosshead. The cross- 
head as modified for this class 
of engine is shown in perspec- 
tive in ^g. 230. 

Fig. 231 shows a two- bar 
form of crosshead and guide 
in which tlie slide-bars are 
placed wide apart in order to 
permit of the transverse motion 
of the connecting-rod. This 
has the disadvantage of con- 
siderable exposure of the 
working surfaces, but it 
has been found open to objec- 
tion chiefly in not afford- 
ing the necessary clearance 
to permit of its being em- 
ployed in bogie engines. The 
rear bogie wheels, in cer- 
tain cases, can not be easily 
arranged to clear the lower 
bar. 

'^Another form of two-bar crosshead and guide very widely em- 
ployed is given in fig. 232. In this the side cheeks are bolted to a 
slipper-block which works between a pair of slide-bars above, but 
in the same plane as, the piston-rod. This construction of crosshead 
and arrangement of the slide-bars affords the desired clearance for 
the bogie wheels, and has the advantage of not exposing the 
working surfaces nearly so much as the preceding form. A single- 
bar crosshead, similar to that in use in this country, is also much 
employed. 

VALVE GEAR. 

The valve gear almost universally employed is Stephenson's link 
motion ; but, instead of operating the valve spindle directly, it acts 
through a rocker arm. This is necessitated by the position of the 
valve chests outside the frames, and of the eccentrics, rods, and ex- 
pansion link inside the frame. An example of a rocker arm in side 
and end elevation and in plan is shown in 5g. 233. In this, A is 
the expansion link suspended from an arm on the reversing shaft, B. 




Fig. 230. — Crosshead for Vauclain 
Compound Locomotive. 
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Fig. 231. — Two-bar Crosshead and Guides. 

One arm, G, of the rocker, which is mounted on a bearing supported 
on the fiume bar, D, is connected to the block in the link ; and the 
other arm, E, is connected through the rod, F, to the valve. ' 

Eccentric sheaves and straps are usually of cast iron, and in 
shape like those used in this country. Sometimes solid sheaves 
cast on the driving-axle and turned up in that position are em- 
ployed. 

Expansion links were at one time generally built up with dis- 
tance pieces secured at each end, between the curved members, by 
bolts ; but at the present time they are commonly solid, as in this 
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Fig. 232.— Two-bar CroBshead and Guides. 



country. They are suspended by one side only, owingi to the 
presence of the rocker arm. Great attention is paid to the deter- 
mination of the most fovourable position in the link for the pin by 
which it is to be suspended ; a temporary adjustable bracket being 
sometimes employed so that different positions may be tri«d. In 
this way the cut-off is very closely equalised. 

The yalve*rod is generally provided with some means for adjust- 
ing its length, but the length being considerable, it has no croes- 
head or guide, notwithstanding the short radius of the rocker 
arm. 

The weight of the motion is commonly counterbalanced by a steel 
spring acting on the reversing shaft. Steam reversing gear is being 
widely introduced. 
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Fig. 233. — Valve-actuating Rocker-arm. 
SLIDE-VALVES. 

Slide-valves are preferably made of cast iron, working on a cast- 
iron port face. Balanced valves, of which an example is given in 
iig. 234, are much employed. In the case of the valve shown, a 
rectangular space at the back of the 
valve is enclosed by four strips of cast 
iron, which work against a planed face 
on the steam -chest cover. The cast- 
iron strips are held against the work- 
ing fiftce by light springs, and the 
enclosed apace is put in communication 
with the exhaust cavity by a small 
hole in the back of the valve. Any 
leakage past the strips is thus disposed 
of^ and the valve is relieved of all pres- 
sure but that required to keep it 
against the cylinder port face. The 
planed face at the back is either cast 
with, or bolted to, the valve-chest cover. 





Fig. 234 —Balanced Slide 
ATilves. 
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The balancing of the valves has led to the more extensive use of 
the Allan or Trick valve described on p. 168. This is owing to 
the relief afforded by the balancing, enabling the small surfaces 
necessary in that form of valve to wear well. Air-inlet valves, 
held closed by the steam whenever the regulator is open, are always 
provided when balanced valves are used, in order to prevent the 
formation of a vacuum in the steam-chest or cylinder. 

FRAMES, HORNBLOCKS, AND HORNSTAYS. 

The frames, as before described (p. 182), are usually made in two 
parts — as shown in fig. 141 — the "main" frame and the "front 
rail." The main frame always has upper and lower members, A, B, 
fig. 235, united by the " pedestals,*' C, and by oblique members at 
the ends. The front rail is commonly, as in the American and 
ten-wheel types of engine, in the form of a single bar only ; though 
it also, as in Mogul, Consolidation, and Decapod engines, is some- 
times double. An example of the latter form of frame is also shown 
in ^g, 235. This member of the frame has forged on it lugs, be- 
tween which the cylinder casting is bolted. 

All the bars composing the frame are rectangular in section, and 
are usually welded together. In some cases, however, a so-called 
" built-up" frame is employed. In this the lower members, instead 
of being welded to the pedestals, are bolted thereto. The bar 
sections are commonly from 3 to 4 ins. square. The front portion 
of the frame, or front rail, is generally — and preferably — ^bolted to 
the main frames. 

The side frames are rigidly connected together at the front end 
by the cylinder and saddle castings, and at the rear end by an 
ample footplate casting. But the system of intermediate transverse 
staying is very different from that in British locomotives, probably 
owing to the bar frame being especially rigid transversely. The 
lower members are generally connected by several comparatively 
light bar stays ; in addition to which the frames are stayed to the 
boiler by two or more plates, one of which stretches from side to 
side between the "guide yokes" or slide-bflr brackets. The front 
ends of the frames are also stayed to the boiler by a pair of oblique 
braces, as seen in Plate IX. 

The frames are commonly planed on both sides, and slotted in 
pairs at those parts to which the hornblocks, cylinders, and other 
appurtenances are attached, and are finally drilled. The horn- 
blocks, D, are made of cast iron, one block being in the form of 
a wedge for taking up wear, and the other being parallel. They 
are usually held in position by one bolt only, placed at about the 
centre of the block, instead or' by the large number of well-fitted 
turned bolts or their equivalent found necessary when plate frames 
are employed. The single bolt is often dispensed with. By taking 
down the hornstay, E, aad loosening the one bolt, if any, in the 
hornblock, each block can be immediately taken out for examina- 
tion, repair, or lining up. 
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AXLE-BOXES. 

The axle-boxes are similar ia outline to those used in this 
-country, but the brass is commonly put in diflFerently. The box is 
slotted out for its reception, as shown in tig. 236, and it is then 
forced in by a pressure of from 10 to 20 tons. This is open 
to the objection that it springs the box open slightly, and necessi- 
tates the planing of the sides to make it parallel. And when the 
brasses get loose, which takes place as soon as the crown wears a 
little, the box springs back, binding tightly on the keep and be- 
■coming taper, so as to have a certain play between the horns. 
The keep calls for no remark. Much larger clearance is allowed 4t 
top and bottom of the box than is usual here, owing to the occasion- 
.alJy very large spring deflections. 

The hollowed top of the box is commonly filled with* trimming 
and used as an oil cup, no other lubrication but this and the pad of 
waste in the keep being employed. This is apt to result in imperfect 
lubrication and waste of oil, the latter a natural result of the 
abundance of cheap mineral oil in America. 

The centres of the axle-boxes in plan are coincident with that of 
the frame. The bearings seldom exceed 10 ins. in length. Cast 
iron is used for the boxes in preference to steel, the latter wearing 
^way the cast-iron hubs of the wheels too rapidly. 





Fig. 236.— Axle-box. 

BEARING SPRINGS. 

One of the chief points in connection with these is the much 
more extensive use of the equalising lever — of which an example 
is shown in fig. 237 — between the coupled axles. By this means 
the weight is automatically distributed, and the springs are enabled 
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greatly to assist each other. Any unusually large deflections — 
which are more common in America than here, owing to the 
generally lighter permanent way — are communicated throughout 
the whole series of springs on that side, and the destructive effect 
on the springs is thereby minimised. 

The spring link or hanger is usually passed through a slot (see 
fig. 238) in the plates of the spring, and in it is inserted a trans- 
verse cotter. The cotter rests in a groove in the thickened end of 
the plate. The weakening of the spring plates by the slot is com- 
pensated by the increased thick uess, and by making a number of 
the plates the full length of the spring. 
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WHEELS. 

The four-wheeled American bogie, and the two- wheeled Bissell or 
pony" truck, which is very largely employed in America, have 
been described in Chapter XII., and shown in figs. 143 and 144 
respectively. 

Driving-wheels with cast-iron centres, formerly employed uni- 
versally, are still very largely used. Fig. 239 shows a form of 
wheel exemplifying this method of construc- 
tion. The spokes are hollow, and in section 
are egg-shaped or elliptical ; the rim is 
lightened out, and the hub is nearly solid. In 
order to concentrate the counter-balance as 
much as possible a lead filling is used. Usually 
the rim is completely severed at one or two 
places in moulding, so as to relieve the casting, 
as far as possible, of internal stress. These 
places are afterwards fitted with a piece of 
metal driven in tightly. 

The tyres were formerly almost universally 
held on by shrinkage only, neither lips, screws, 
nor other safety attachments being used ; but 
British practice in this matter is now adopted 
to a large extent. Driving-wheel tyres are 
usually 3 ins. thick, sometimes 4 ins., with a 
flange somewhat heavier than is usual in British 
practice. 

A metal with such a small resistance to 
tensile forces, so liable to fracture without 
warning under bending stresses, and so subject 
to internal stress due to unequal contraction 
in the mould, does not seem especially suitable 
for making locomotive driving-wheels. Yet it 
is claimed by American engineers that the 
results are good, and that there is practical 
immunity from accident, perhaps due to the 
strength of the tyre, or, perhaps, to the great skill attained in 

22 




Fig. 240.— Double- 
plate Cast-iron 
Chilled Wheel. 
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moulding these wheels. Nevertheless, the recent tendency has 
'been, as in this country, towards the general adoption of cast- 
steel wheel centres. 

The wheel commonly used for tenders and engine trucks is the 
cast-iron chilled wheel. This is almost peculiar to American 
practice. Fig. 240 shows the form most used, which is known as 
the double plate wheel — ^the two plates springing from the hub as 
shown. These are made from superior qualities of iron, sometimes 
with a little steel added. The chill varies in depth from ^ in. to | 
in. They are forced on the axle with a pressure of about 30 tons. 
These wheels have been said to be responsible for more accidents 
than any other detail of American rolling stock. 

BOILERS. 

The most noteworthy features in American practice in regard to 
locomotive boilers are, perhaps, the large heating surfaces and large 
grate areas provided in comparison with the cylinder capacity, and 
the extensive use of steel. Inside fireboxes are made of steel 
almost exclusively. But the subject of the use of steel in boilers, 
and the American practice in regard thereto, have been so fully 
discussed in Chapter XIII. as to render any further remarks on 
this subject unnecessary. 

Heating Surface, Grate Area, and Flue Area.— In respect to the 
ratio of heating surface and grate area to cylinder capacity, a 
Committee of the Master Mechanics Association, reporting in 1888, 
recommended the following proportions : — Area of cylinder (in 
inches) x 5*8 = heating surface in square feet. This is equivalent to 
cT' X 4'5, which, as stated in Chapter lY., is 50 per cent, in excess 
of that commonly employed in goods engines in this country. But 
comparison with the ratios adopted in certain recent eight-wheel 
and ten-wheel engines shows that this ratio must be regarded as a 
lower limit. In some cases the ratio is as high as 5*5 c?^; while the 
average in express engines is about ^dK In other words, the 
areas of heating surface in passenger, relatively to freight, engines 
in America are roughly in the same proportion as here. 

The same Committee also recommended the following pro- 
portions : — 

Total heating surface x \t = firebox heating surface. 
Total heating surface x ^o ~ grate area. 

Total heating surface x jjr^ = flue (or tube) area. 

These recommendations were based upon the assumption of a 
piston speed of 800 ft. per minute and a piston stroke of 24 ins., 
and are intended to apply to ordinary passenger and freight engines 
in which the fuel is bituminous coal. They are designed to give 
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two sqaare feet of heating surface for each horse-power developed 
when the engine is exerting its maximum continuous effort. 

This Committee also remarked upon the wide range within which 
the grate area may be varied. Tliis is capable of being varied to a 
greater extent than any other part of the boiler. By making it 
abnormally large, as in the case of the Wootten and kindred types 
of boiler, grades of fuel otherwise of little use can be successfully 
burned. 

Fireboxes. — In fig. 241 are shown a longitudinal section and an 
end view, half in section, of a firebox of the Wootten type. It will 
be seen that this firebox is extended over the frames on each side 
to the extreme width of upwards of 8 ft. At the same time it is 
nearly 1 1 ft. in length, giving a grate area of nearly 90 sq. ft. The 
tube plate is at the end of a forward extension of the firebox, 'which 
projects some distance into the boiler barrel. This portion is partly 
separated from the extended body of the firebox by a brick fire- 
bridge, and forms a combustion chamber. There are two fire doors, 
one on each side of the centre-line of the engine. 

The Strong firebox is described on p. 211, and the Belpaire firebox 
— a type very largely adopted in American locomotives — has also 
been described and illustrated in Chapter XIII. 

In this — and in American fireboxes generally — the "pinching 
in " of the lower portion is very marked. This arises from the very 
large boiler diameters, and, in cases where the lower portion of the 
firebox is placed between the frames, from the thickness of the 
frame bars. 

The firebox is, however, generally mounted above the driving- 
axles and often above the frames. This has the effect of raising 
the boiler considerably, and at the same time necessitates a 
shallower firebox than is used here. 

The brick " arch " is usually a rectangular slab composed- 




Fig. 242.— Brick Arch and Water Tubes. 
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shown in fig. 242 — of blocks, 1, about 6 ins. thick, supported on 
water tubes, 2, extending from the tube plate to the firebox crown 
or back plate. The width of this " arch ** is equal to, or nearly 
equal to, that of the firebox. The baffle plate is very little used, 
but the ^arch" is extended much higher and further backwards 
than is the case in this country. In many of the most recent 
engines, howeyer, the arch and baffle are almost exactly as in the 
British locomotive. 

Grates. — The grates used for bituminous coal have rocking fire 
bars, of various forms, arranged so that they can be worked from 
the footplate by a hand lever whenever it is desired to break up 
the fire and clear out clinkers. A common form of rocking grate 
is called the *' finger " grate, from the fire bars having a series of 
fingers on each side which project between similar fingers on the 
adjacent bars. An example is shown in tig. 243. The bars each 
have depending arms, 1, all pivoted to a rod or bar, 3, underneath 
the grate, which can be reciprocated by the hand lever, 6, mentioned 
above. By this means a rocking movement can be given to all the 
fire bars simultaneously. At the front end of the grate is a " drop- 
plate/' 7, for discharging purposes. This, too, is furnished with 
means for operating it from the footplate. 

The largeness of the grate areas adopted is partly to be accounted 
for by the nature of the fuel employed. Thus wood has been much 
used, and still is on some railways. Anthracite coal also is very 
largely burnt. To burn this successfully a very large grate area 
is required, and large quantities must be put in at each firing. In 
grates for this fuel water-tube fire bars are often made use of. 
These are generally disposed in groups of three, with an ordinary 
removable solid bar intervening between each set. 

In place of the solid fire-hole ring of British practice, the inner 
and outer plates are usually flanged, and the two are rivetted 
together. 

Tubes. — Iron tubes are much more used than brass ones. The 
tubes (fig. 244) are usually put in with a short piece of copper pipe 
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Fig. 244.— Tube-joints. 
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about Y^Y in. thick slipped tightly over the firebox end of the tube, 
the latter being swaged down for the purpose. The tube expander 
is then used, and the tube end is beaded over. No portion of the 
copper is allowed to be left exposed to the action of the fire, or the 
tube would soon begin to leak. 

The almost universal size for tubes is 2 ins. outside diameter, 
and No. 11 or 12 B.W.G. thick. 



SMOKEBOX; CHIMNEYS. 

Formerly the chimneys of all American locomotives were in the 
form of the characteristic " diamond stack " (fig. 245), in which a 
wire net spark -arrester 
was lodged in the enlarge- 
ment at the top. This 
type of chimney has, how- 
ever, been to a large de- 
gree superseded by the 
straight chimney familiar 
in this country. The 
spark - arrester is now 
generally lodged in the 
smokebox, which is con- 
siderably lengthened for 
its accommodation, and 
is distinguished as the 
'* front-extension" smoke- 
box. The points aimed 
at in the extended smoke- 
box — of which an example 
is given in fig. 246 — are 
to attain a large space for 
cinders, and sufiicient area 
of netting to make an 
efficient spark - arrester. 
These objects are accom- 
plished by extending the 
smokebox to about double 
the ordinary length, and 
putting netting across it 
over nearly the entire 
length just above the 
tubes. A large opening 
or hopper closed by a 
valve is provided in the 




Fig. 245.— Diamond Stack. 



forward extension for the removal of cinders ; and hand holes are 
also provided at the sides for the introduction of a rake. Imme- 
diately above the top row of tubes a deflector plate, stretching 
across the full width of the smokebox, extends forwards a few 
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iaches and then alopea downwards towards the front at an angle 
of 5* or 10° to the Tertical. This plate reaches to aboat the 
fourth row of tubes from 
the bottom ; at the centre 
a portion may be adjust- 
able for a few inches. 

The smokeboz door 
and frame at one time 
were generally of oast 
iron, but latterly pressed 
steel plate has been 
much substituted for 
cast iron. Id the former 
case the angle iron ring 
to which the door frame 
is attached is faced up 
in the lathe. Tbe door 
and door frame, both 
strongly made in cast 
iron, are also turned at 
tbe bearing (JMses. The 
smokebox, indeed, is 
made perfectly air-tight 
— even the valve and 
The smokebox door is 
The tubes are 
nade 
lund 




Fig. 246. — Front extenaioii Smokebox. 



hand-hole covers being ground ia place. 

jointed with red lead, and is seldom opened. 

cleared from the firebox end. When the smokebox door ie 

of steel plate, it is secured by a number of dogs or clamps 

the periphery. 

TENDEHS. 
The American tender is, as shown in fig. 347, supported on two 
four-wheel bogies. The details of the main frame of the tender 



Fig. 247.— Dtmble Bogie Tender. 



are shown ia half plai 
details of the bogies ai 



I side elevation in fig. 248, and the 
1 in fig. 249. In the upper view in 
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the latter figure the bogie is seen in aide elevation, and ia the 
lowei- view in front elevation, with the forward portions of the aide 
frames removed. The main frame is composed of a rectangular 
frame. A, fig. 248, of channel iron, stiffened by transverse and longi- 
tudinal channel irons, B, and oblique bracing, C. This is secured to 
the bolsters, D, to which the plates carrying the bogie centre pin, E, 
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are attached. The bogie centre pin fits into a socket in the centre 
plate, J, fig. 249, mounted in the transverse trussed timber beam, K, 
of the bogie. The ends of this beam or bolster are retained between 
guides, L, in the bogie side frames, O, and rest upon elliptical 
springs, M, borne by a transverse channel iron, N, rigidly secured 
to the bogie side frames. The latter are composed of iron bars, O,, 
separated at the middle by filling pieces, L, forming the guides 
between which slide the ends of the transverse beam. 

When the bogie frame is constructed entirely of iron it resembles 
in its essential features the bogie shown on p. 187. 

The tender shown in fig. 247, is fitted with a water pick-up 
scoop. Although such tenders are employed in America, their 
occurrence is much more rare than even in this country. 

Each of the bogie trucks is provided with brake gear for all the 
wheels, as seen in the side elevation in fig. 249. This is connected 
up to a conveniently disposed vertical shaft with ratchet gear and 
hand wheel. 

Index to Fius. 248 A^'D 249. 
Details of Tender, 



A Side channel bar. 
B Longitudinal and transverse chan- 
nel bars. 
C Oblique bracing. 
D Bolsters and bolster caps. 
E BoKie centre-pin. 
F Hide bearings on rear bogie. 
(t Front draw casting. 
U Back draw casting. 



I Chafing castine* 

J Bogie centre plate. 

K Trussed beam. 

L Frame filling pieces and guides. 

M Elliptical springs. 

N Channel iron. 

O Bogie side frame hart*. 

Q Brake levers. 

R Brake rods. 



HEIGHT OF CENTRE OF GRAVITY. 

The centre of gravity of American engines is considerably higher 
than that of engines either in this country or on the Continent. 
This is partly due merely to the larger diameter of the boilers, but 
mainly results from the necessity for placing the boiler higher so 
as to clear the wheels, which is a consequence of its larger dimen- 
sions. 

It may be interesting here to briefly consider the effect of 
raising the centre of gravity. This subject has been examined and 
very clearly discussed by a French engineer writing in Le Ginie 
Cimly* and the following paragraphs embody his results. 

In the first place it is concluded that the effect of raising the 
centre of gravity is to reduce the stresses on the rails due to- 
centrifugal force or rockinff, and accordingly to make the running 
easier. This is owing to the diminished obliquity of a line drawn 
from the centre of gravity to the rail. The more nearly vertical 
this line becomes the less is the proportion of the horizontal rocking 
and centrifugal forces resolved along this line — that is, transmitted 
to the rail ; while, at the same time, the direction of transmission 

 Le GHiie Civil, Nov. 23, 1895, p. 49. 
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is more nearly vertical, in which direction the resisting power of the 
Toad is at a maxiraura. 

In the second place, the raising of the boiler is the readiest 
means for obtaining an increase in the power of the locomotives, 
since it not only permits of enlarged boiler power, bat affords more 
-space for the machinery. Farther, as the boiler forms only about 
A quarter of the weight of the engine, raising the former by any 
given amount raises the centre of gravity of the whole locomotive 
by about a fourth of that amount. 

The limit of safety in the raising of the centre of gravity would 
be reached when the stability of the locomotive in running on 
•curves at high speeds began to be endangered. The centre of 
gravity of the highest American locomotives is, however, still well 
below that of the heaviest loaded wagons actually in use. It can, 
therefore, safely be raised even yet without endangering the stability. 
But the height is limited by other considerations than those of 
stability. The height of bridges and tunnels is probably now the 
chief factor in the practical determination of this limit. 
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CHAPTER XXI. 

CONTINENTAL LOCOMOTIVES. 

Contents. — Distinctive Conditions in Continental Practice — Types of French 
Locomotives — Types of German Locomotives — Types of JBelgian Loco- 
motives — T3rpe8 of Italian Locomotives — Swiss Mountain Locomotives — 
Cylinders and Steam-Chests — Valves and Valve Gear — Axle-boxes — 
£iosies — Boilers — Blast Pipe — Sraokebox — Chimneys — Coupling Engine 
ana Tender — Brakes. 

DISTINCTIVE CONDITIONS IN CONTINENTAL PRACTICE. 

Among the conditions that have been operative in bringing 
about divergence between Continental and British railway practice, 
the most important are, probably, the greater distances to be 
traversed on the Continent, the more mountainous character of 
many of the regions through which the railways pass, and the 
lower grades of fuel, as compared with those available here, which it 
has been necessary to employ. The differences due to the use of 
inferior fuel show themselves most markedly in the Belgian 
practice, resulting in the adoption of enormous grates and flue 
areas, with all the modifications in design which these entail. But 
such differences are Qot confined to Belgian locomotives. The 
provision of additional steam drums or domes, which permit of the 
augmentation of the tube area, as in the Flamant and other boilers^ 
and the use of the Tenbriuk water bridge have, moreover, in .part 
at least, a similar origin. 

The mountainous character of many regions and the generally 
heavier gradients in others have resulted, on the one side, in a 
more extensive application of the principle of coupling ; and, on^ 
the other side, in the development of special types of rack railways. 
These conditions have also resulted in the construction of loco- 
motives — as, for instance, the Mallet double -bogie compound 
engines — of very great power and weight. Six-coupled engines, 
indeed, are used not only — as in this country — for goods trafiic, 
but sometimes also for passenger service on heavy roads. Their 
use in this manner is, in fact, frequent in Switzerland and in hilly 
regions generally. Eight-coupled engines also are to be found on 
every railway in France excepting the Western Railway, and in 
many districts ten- and twelve-coupled engines are employed. 

The greater lengths of the Continental railways, joined, perhaps, 
in many instances, with less lavish outlay of capital per mile in 
their construction, has operated in two directions. It has, owing 
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to the resulting large employment of single line railways, tended 
to foster considerably the growth in weight of goods trains, and 
this in turn has contributed to the enlargement of the engine 
and the increase in the number of coupled axles. It has also, 
probably, been an important factor in promoting the adoption of 
outside-cylinders, by which, among other considerations, the 
necessity for pits is avoided. 

In Germany, Austria, and Italy outside cylinders are employed 
almost exclusively ; and, - in France, only on the Northern and 
Western Railways are inside cylinders employed in express engines. 

Notwithstanding the many differences that may be pointed out 
'between Continental and British practice in locomotive design 
there is, in general, a broad similarity between them; in many 
respects closer than that, say, between British and American 
•engines. It is not, however, intended to institute in this chapter 
an elaborate triangular comparison. Certain of the types of loco- 
motives briefly described in the following pages will, indeed, be 
:seen to resemble those in use in this country, while others differ 
considerably ; the plan has been to give, as far as possible, repre- 
sentative examples. Following the leading particulars of the 
various forms of locomotives will be found a somewhat more 
detailed description of certain important elements in which differ- 
ences occur. 

The gauge of Continental railways may be said, broadly speaking, 
to be the same as here. Although numerous narrow-gauge railways 
-exist — with a gauge of one metre — the prevailing gauge throughout 
<;entral Europe is 4 ft. 8^ ins. ; the most important exceptions being 
the Bussian standard gauge of 5 ft. and the 5 ft. 6 ins. gauge of 
Spain and Portugal. All the engines described below, with the 
exception of the rack locomotives, are of the ordinary 4 ft. 8| ins. 
gauge. 

TYPES OF FRENCH LOCOMOTIVES. 

Foor-coapled Express Passenger Engines. — 1. Fig. 250 shows an 
express four-coupled locomotive with a leading four-wheel bogie 
and inside cylinders employed on the Western Railway of France. 
This resembles the bogie express passenger engines employed in this 
•country. The driving and trailing coupled axles are placed one 
immediately in front of, and the other immediately behind, the 
firebox. The bogie has a certain amount of side play. These 
-engines have a cylinder diameter of '46 m. (18^ ins.) and a stroke 
of '66 m. (26 ins.). The diameter of the coupled wheel is 2 '04 m. 
(6 ft. 8| ins.), and the adhesive weight in working order is 27*5 
tons. The total weight is 43 '5 tons. 

2. In fig. 251 is shown a four-coupled express of the Eastern 
Railway of France. This, ako, has a leading bogie, and has the 
firebox disposed between the coupled axles, but in other respects 
differs widely from the example given above. Thus both inside 
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Fig. 250. — Express Engine of Western Railway of Franoe. 

and outaide frames are employed ; alao the cylinders are outside, 
and are situated, not at the front end of the frames, but towards 
the middle, and drive the trailing axle. The most prominent 
difference as regards appearance is, however, the horizontal steam 
drum surmounting the boiler barrel, which is characteristic of the 
Flamant construction of boiler made use of in these engines. 
Further reference to this form of boiler will be made below. 

The diameter of the cylinders is *47 m. (18^ ii^s.), and the 
stroke is *66 m. (26 ins.). The diameter of the driving and coupled 
wheels is 2*1 m. (6 ft. lOf ins.). The grate area is 2*42 sq. m. 
(26 sq. ft.), and the total heating surface is 168*29 sq. m. (1810 
sq. ft.). xhe adhesive weight is 33 tons, and the total weight 
56 tons. 

3. Another form of four-coupled engines— employed on the 
Paris and Orleans Railway — is shown in fig. 252. This has a 
pair of supporting wheels in front of the coupled wheels, and 
another pair behind. The cylinders are inside, but the valve-chests 
and the valve gear are outside. Except as regards a short length 
for the rear supporting axle, the frames, too, are inside. The 
boiler is of the Tenbrink type, in which a water chamber or slab 
is substituted for the brick arch in the firebox, a form of boiler 
described more fully below. The boiler also has two domes, which 
are united by a horizontal pipe, with the object of fiicilitating the 
generation and circulation of steam. The strengthening of the 
firebox roof is provided for by the Polonceau system of construc- 
tion. In this, the crown is composed of a series of flanged portions 
rivetted together with the flanges disposed vertically. The cylinders 
are of '44 m. (17|- ins.) diameter, and the driving-wheels have a 
diameter of 2*1 m. (6 ft 10| ins.). The grate area is 2-25 sq. m. 
(24*2 sq. ft.), and the total heating surface is 154*24 sq. m. (1,660 
sq. ft). The total weight is 51 tons, of which 29^ tons is borne by 
the coupled axles. 
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Fig. 262. — Express Engine of Paris and Orleans Railway. 



Six- and Eight-Gonpled Engines. — 1. A form of six-ooupled 
outside cylinder locomotive is in use on the Paris and Orleans 
Railway which has a supporting axle in front of the coupled 
wheels, so that it somewhat resembles the Mogul type of American 
engine. It is designed for service on a road with gradients 
in some parts as steep as 1 in 50 or 1 in 40, and with turves 
of 250 m. (12^ chains) radius. The cylinder is placed behind 
the leading axle, and drives the middle one of the three-coupled 
axles. The firebox extends downwards between the two rear ones. 
The boiler is of the Tenbrink and Polonceau construction, having 
a water chamber in the firebox, and two steam domes connected 
by a horizontal pipe of 140 mm. (5| ins.) in diameter. The tubes 
are 43 mm. (If ins.) diameter inside, and have a length of 4*44 ro. 
(13 {L 3^ ins.). The frame plates are '30 mm. thick (1-j^^ ins.). The 
diameter of the cylinder is '48 m. (18|- ins.), and its stroke is '6S m. 
(26^ ins.). This engine is fitted with the Wenger continuous com> 
pressed air brake, which is briefly described later. 

2. A six-coupled outside cylinder engine of the Paris and 
Orleans Company is shown in lag. 253. In this, the firebox end 
of the boiler and frame overhangs the wheel-base, which has a total 
length of 3*43 m. (II fl. 3 ins.). The wheels are 1-35 m. (4 ft. 
5^ ins.) in diameter, and the adhesive weight is 38 tons. The 
totiil heating surface is 147*8 sq. m. (1590 sq. ft.). 

3. In fig. 254 is shown a powerful eight-coupled engine employed 
on the Southern Railway of France. In this engine the cylinders 
and gear are outside. All the axles are in front of the firebox, 
which overhangs the wheel base at the back. The cylinders have 
a diameter of *54 m. (2 If ins.), and a stroke of *61 m. (24 ins.), and 
the driving and coupled wheels a diameter of 1*21 m. (3 ft. 1 If ins.). 
The weight of the engine in working order is 53 tons. The aggre- 
gate heating surface is 188 sq. m. (2220 sq. ft.). 

23 
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Fig. 2S3. — 8ix-ooupled Engine of P^rii and Orleans Ttailw&y. 



Fig. 25i. — Eight-ooupled Engine of Southern Railway of Fiance. 

Tank EDgines. — This form of engine is not employed in FrMie« 
nearly so largely aa in this country ; but nevertheleea linds appli- 
cation in local passenger traffic, and in shunting. The wheels are 
oaually six coupled, and the cylinders inside ; and in many oases 
there is a bogie or a radial axle at one end of the engine or the 

1. An example of a tank engine of the Western Railway of 
France is shown in fig. 255. This has inside cylinders and frames, 
and six coupled wheels of 1 '54 m. (6 ft. 0} in.) diameter. The tanks 
are at the aides, and the coal bunkers at the rear. The adhesive 
weight— 43 tons — is the entire weight of the engine. The diameter 
of the cylinders is 430 m. (17 ins.), and the stroke is -60 m. (23| 
ins.). The grate area is 128 sq. m. (13-75 sq. ft), and the totaj 
heating surface is 96-20 sq. m. (1040 sq. ft.). 
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Fig. 25-^. — Tank Engine of Western Railway of France. 

2. The following are particulars of a later design of side-tank 
•engine on the Eastern Railway . — The engine has six coupled 
wheels and a trailing supporting pair. The cylinders, which are 
inside, have a diameter of *46 m. (18 ins.), and a stroke of *60 m. 
(23f ins.). The frames are outside, and the distance between the 
•centres of the cylinders is *93 m. (3 ft. Oj-J- in.). The coupled wheels 
have a diameter of 1*560 m. (5 ft. 1^ ins.), and the trailing-wheels 
of 1-38 m. (4 ft. 6| ins.). The mean diameter of the barrel of the 
boiler is 1*30 m. (4 ft 3^ ins.), and the length of the tubes 4*10 m. 
(13 ft. 5J^ ins.). The length of the external firebox is 2*459 m. 
(8 ft. Of in.), and its breadth 1189 m. (3 ft. lOJ ins.). The firebox 
heating surface is 106 sq. m. (114 sq. ft.), the tubular heating 
surface 118*72 sq. m. (1275 sq. ft.), and the total 129*32 sq. m. 
^1390 sq. ft.). The capacity of the tanks is 1150 gals., and the 
fuel capacity 3 tons. 

Compound Engines. — 1. An express four-cylinder compound 
engine with four coupled wheels and a leading four-wheel bogie 
is shown in fig. 256. This is a type of engine, employed on the 
Paris, Lyons, and Mediterranean Railway, which possesses several 
noticeable features. At the front end of the engine is a prow- 
shaped covering designed to reduce the air-resistance the locomotive 
meets with, and the cab also is shaped so as to present an angle 
towards the front. The chimney, sand-box, and dome are also 
enclosed in a casing terminating at the front in a cutting edge. 

Of the four cylinders the two high-pressure ones are outside, and 
drive the hinder of the two coupled axles. The two low-pressure 
-cylinders are inside, and work on the front driving-axle. The 
stroke of each of the four cylinders is *62 m. (24} ins.), and the 
diameter of the high and low pressure are *34 m. (13^ ins.) and 
•54 m. (21i ins.) respectively. 

The boiler tubes are of the Serve type, having internal ribs or 
wings for the purpose of promoting the transmission of heat. These 
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and the amount of heating surface are practically the same as in the 
1892 type of engine, which this engine was designed to supersede. 
In the earlier type the grate area was 2-32 sq. m. (25 sq. ft.), and 
the heating surface 147*8 sq. m. (1590 sq. ft.). 
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Fig. 256. — Four-cylinder Express Compound Engine of the 
Paris, Lyons, and Mediterranean Railway. 

2. The following are particulars of a type of four-cylinder, four* 
coupled, compound express engine employed on the Northern 
Railway of France. This engine is shown in fig. 257. The high- 
pressure cylinders are outside and the low-pressure cylinders inside. 
The high- and low-pressure cranks on each side of the engine are 
set at an angle of 162° to each other in order to facilitate starting. 
This insures admission to one or other of the cylinders in whatever 
position the cranks may be. In addition, also, to a direct admission 
of steam to the intermediate reservoir, a three-way valve is pro- 
vided for enabling the exhaust from the high-pressure cylinder to 
be directed into the atmosphere so as to avoid an accumulation of 
back pressure. 

The stroke is *64 m. (25|^ ins.), and the diameters of the high- 
and low-pressure cylinders are *34 m. (13^ ins.) and -53 m. (21 ins.) 
respectively. This gives a ratio of 2*42. The driving and coupled 
wheels are 2*114 m. (6 ft. 11| ins.), and the bogie wheels 1 '04 m. (3 ft. 
5 ins.) in diameter. The wheel-base to the bogie centre is 6*43 m. 
(21 fb 1^ ins.), and the total wheel-base is 7*33 m. (24 ft. 0} in.). 

The mean diameter of the boiler is 1*26 m. (4 ft. If ins.), the 
length of the tubes is 3*9 m. (12 ft. 9f ins.), and of the grate 
2*013 m. (6 ft. 7^ ins.). The thickness of the boiler plates is 
18 mm. (\i ins.), and the height of the boiler centre above the rails 
is 2*24 ra. (7 ft. 4^ ins.). There are 202 tubes of 45 mm. diameter 
(1^^ ins.), giving, with the firebox, a total heating surface of 
112-55 sq. m. (1210 sq. ft.). The grate area is 2*04 sq. m. (22 sq. ft). 
The total weight of the engine is 47 tons, distributed thus : — On 
bogie, 17 tons; on leading driving-axle, 15*1 toDs; on trailing- 
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driTcn, 14-9 tons. The tender oftrries 3000 gallons of water and i 
torn of coal. 
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Heilmann Locomotive. — Some reference ought here to be made 
to this remarkable locomotive — although it can scarcely yet be said 
to have emerged from the experimental stage — on account of the 
clearness with which it brings into view certain considerations 
relative to the efficiency of locomotives of ordinary construction. 

The Heilmann engine is styled an electric locomotive, although 
it might, with equal propriety, be called a steam locomotive. It is, 
in fact^ both : an electric current is generated by an accurately 
balanced, inverted vertical compound steam engine directly coupled 
to a dynamo, and is supplied to a series of electric motors, of which 
there is one on each of the eight carrying axles. The coal, water, 
boiler, engine, and dynamo are all mounted on a single platform 
carried on two bogies. These engines have been very successfully 
tried on the Western Railway of France. 

At first sight it might seem that the double conversion of the 
energy of the steam engine, first into electric energy and thence 
again into mechanical movement, could entail nothing but loss; 
but there are various considerations on the other side that have 
led to the formation of great expectations in regard to this new 
departure. 

1. In respect to engine and boiler efficiency : This construction 
enables the boiler to be much larger than in the ordinary design of 
locomotive and thus permits of more economical working. It also 
enables high speeds to be attained while the engine stUl runs at 
such a speed as to avoid wire-drawing and its attendant losses. 
Further, maximum tractive power may be exerted and steep 
gradients ascended while yet the engine works under economical 
conditions as regards speed and grade of expansion. 

2. In respect to starting : All the axles are driven so that the 
whole of the weight is utilised for adhesion; and maximum turning 
effort may also be exerted on the axles at starting, almost from the 
beginning. 

3. In respect to damage of the permanent way (especially 
bridges) : The destructive effect of the vertical components oi the 
centrifugal forces due to the balance weights is entirely avoided, as 
well as the lateral action or " shouldering ** of the engine. 

In certain experimental runs, in 1897, with two large engines of 
this constr action — each weighing about 114 tons — the easy starting, 
and the stability and smoothness of running at high speeds were 
strongly marked features of the trials. 

The platform on which the boiler and machinery are mounted 
has a length of 17*69 m. (58 ft.) and is supported on two eight- 
wheel bogips, each having a wheel-base of 4*1 m. (13 fb. 5^ ins.). 
The boiler has a total heating surface of 185*47 sq. m. (1990 sq. fb.) 
and a grate area of 3*34 sq. m. (35*9 sq. fb.); its length between 
tube plates is 3*8 m. (12 ft. 5| ins.). 

The engines, built by Messrs. Willans and Robinson, have six 
single-acting tandem pairs of high- and low-pressure cylinders, to 
which the distribution of steam is effected by six sets of vertical 
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piston valves. The crank-ahaft is disposed in the direction of the 
engine centre line. 

The high-pressure cylinders have a diameter of -30 tu. (11| ins.), 
and the low-pressure of -48 m. (1 ft. 6| ins.), and each has a stroke 
of -40 m. (1 ft. 34 ins.). 

The engines develop upwards of 1350 H.P. indicated, of which, 
after the several conversioiis is the course of transmission have 
been effected, over 75 per cent, re-appears in the tractive effort and 
motion of the axles. 

TYPES OF GERMAN LOCOMOTIVES. 
Express Passenger EugiiieB. — 1. An example of a four wheels 
coupled simple engine with a leading bogie employed on the State 
Railway of Saxony is shown in fig. 258. The cylinders — outside — 
are '44 m. {17f ins.) in diameter and have a stroke of -6 m. (23| 
ins.), and the driving-wheels have a diameter of 1-875 m. (6 ft. It 
ins.). The length of the boiler tubes is 4-025 m. (13ftL 2} ins.) and 
the mean diameter of the boiler, which is of steel, is 1*335 m. (4 ft. 
4i ins.) ; and the total heating suriace is 124 sq. m. (1335 sq. ft.). 
The grate area is 2-3 sq. m. (34-7 sq. ft.), and the working pressure 
is 190 lbs. per square inch. 



Pig. 2S8. — Bxpraes Engine of Stat« Railway of Saxony. 

The vulve gear is a strsightlink motion — inside — working on the 
outside valves through a rocking shaft. 

The weight of this engine, empty, is 44 tons, and in working 
order i6h tons. The adhesive weight is 27J tons. The later 
engines of this type have been two-cylinder compounds. 

2. In fig. 259 is shown a two-cylinder compound locomotive of 
the Prussian State Railway of the year 1895. Compound loco- 
jnotives are now largely employed in Germany. In 1894 it was 
decided by the directors of this railway to use compound engines 
exclusively for all through freight and express trains ; but not for 
suburban service or for trains required to make frequent stoppages. 
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The cylinderB of the engine shown have each a strc^e of '58 m. 
(22J ins.) and diameters respectivelj of 42 m. (16^^ ins) '63 m. 
(244$ ins.). The diameter of the four coapled wheels is 1-73 m. 
(6 n. 8^ ins.). The mean diameter of the boiler is 1-S2 m. (4 ft. 
Oine.), tmd the length of the tubes 3-8 m. (12 ft. 5| ins.). The 
total heating surfitoe is 103 sq. m. (1090 sq. ft.) ; the grate area is 
1'8 aq. m. (19-35 eq. ft); and the boiler presaure 180 lbs. per square 
inch. 

The cylinders are outside, and are situated behind the leading 
radial axle. They drive the trailing axle. The valves are worked 
by Heusinger's gear. 

The weight of this engine in working order is 38J tons ; empty, 
34J tons ; and its adhesive weight is 36 tons. 



3. Another compound locomotive is given in fig. 260. This 
is a four-cylinder engine and has six coupled wheels and a 
leading bogie. It was built for the State Railway of Baden in 
1894. 

The two high-pressure cylinders have a diameter of 35 m. (13| 
iasX and the two low-pressure cylinders a diameter of -55 m. (2l| 
ina.) ; the stroke of each is -64 m. (25| ins.). The coupled wheels 
are 1-6 m. (5 fc 3g ins.) in diameter. 

The total heating surface is 116 sq. m. (1336 sq. ft,), and the 
grate area 21 sq. m, (22 6 sq. ft.) The boiler tubes have a length 
of 4'25 m. (13 ft. llj ins.), and the boiler a mean diameter of 
1-43 m. (4 ft. 7^ ins.). The working pressure is 180 lbs. per 
square inch. 

The weights are as follows : — Adhesive weight, 39J tons ; total 
weight in working order, 54| tons ; empty, 49J tons. 
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Fig. 280.— Four-cylinder Express Compound Engine of State Railway of Baden. 

Goods Engmes. — A two-cylinder oompound goods engine with 
eight wheels coupled is shown in fig. 261. This is one of the 1895 
engines of the Prussian State Railway. The high- and low-pressure 
cylinders have, respectively, diameters of *53 m. (21 ins.) and *75 m. 
(29|- ins.) and a stroke of *63 m. (24^f ins.). The wheels are 1*25 
m. (4 ft. 1^ ins.) in diameter. 

The total heating surface is 138 sq. m. (1485 sq. ft.), and the • 
grate area is 2*3 sq. m. (24f sq. ft.). The mean diameter of the 
hoiler is 1*5 m. (4 ft. 11^ ins.), and the length of the tubes 4*1 m. 
(13 ft. 5^ ins.) The working pressure is 180 lbs. per square inch. 

The weight, empty, is 45^ tons, the adhesive weight is 52^ tons, 
and the weight in working order the same. 
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Fig. 261,— Two-cylinder Compound Goods Engme of Prussian State Railway. 
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Tank Engines. — The following particnlara of a foar wheels 
coupled tank engine of the Prussian State Kailway are given as 
exemplifying the general proportions of engines of this class : — 
This is a simple engine with cylinders of '42 m. (17^|$- ins.) 
diameter, and *6 m. (23| ins.) stroke. The coupled wheels have a 
diameter of 1*58 m. (5 ft. 2^ ins.). 

The mean diameter of the boiler is 1*22 m. (4 ft.), and the length 
of the tubes 3*6 m. (11 ft. 9 J ins.). The working pressure is 180 
lbs. per square inch. The total heating surface is 90 sq. m. (968 sq. 
fb.), and the grate area 1*6 sq. m. (17*2 sq. ft.). 

The weight in working order is 41 tons ; empty, 32 tons ; and. 
the adhesive weight is 27^ tons. The water tanks have a capacity 
of 5 cub. m. (1100 gals.) and the bunkers carry If tons of coal. 



TYPES OF BELGIAN LOCOMOTIVES. 

1. Fig. 262 shows an engine of a kind much employed in 
Belgium. It has four coupled wheels, and leading and trailing^ 
supporting pairs of wheels. This engine has inside cylinders and 
outside frames. The springs are equalised throughout^ both on 
each side and, through the medium of a transverse beam at the 
front, across the engine. The cylinders are '50 m. (19f ins.) in 
diameter, and have a stroke of '60 m. (23| ins.). The driving and 
coupled wheels are 2*10 m. (6 fb. 10| ins.) in diameter. 
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Fig. 262. — Express Engine of Belgian State Railway. 

The most noteworthy feature in this engine is, perhaps, the 
extensive grate area provided. This amounts to 4*82 sq. m. (52 sq. 
ft.) In order to obtain this area the firebox — which is of the 
Belpaire type — is not only very long, but, at the back part, behind 
the coupled wheels, is extended laterally over the frames. This 
gives the grate in plan a T-shape. The smokebox is of the front 
extension type, and is surmounted by a square chimney. 
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The total heating sur&ce is 124-67 sq. m. {1340 sq. ft.); the 
weight of the engine over 48 tons ; and the adhesive weight nearly 
26 tons. 

2. A BLx-coupled engine of the Belgian State Railway is shown 
in fig. 363. This baa a leading carrying pair of wheels, and b on 
inside-cyliDder engine with outside frames. Aa regards large grate 
areas and the construction of the firebox (which is above the a*les), 
the disposition of the equalising levers, the square chimney and 
extended amokebox, this engine resembles the express engine laat 
described. The cylinders have a diameter of -50 m. [ 19j ins.), and 
a stroke of -60 m. (23J ins.) ; the diameter of the driving-wheels is 
l-;0 m. (5 ft. 7 ins.). The grate area is 6-72 sq. m. (61^ sq. ft.), and 
the total heating surface is 14622 sq. m. (1570 sq. ft.). The total 
weight of the engine is 52 tons, of which nearly 41 tons is borne by 
the coupled wheels. 



Pig. 263.— Six-conpled Engine of Belgian State Rnilway. 



TYPE8 OF ITALIAN LOCOMOTIVES. 

1. An example of a four-coupled express engine, with leading 
bogie, of the Mediterranean Railway of Italy is shown in fig. 264. 
In this engine the cylinders and valve gear are outside. The fire- 
box extends downwards between the coupled axles, and the 
internal firebox has a forward extension which projects into the 
barrel of the boiler and forms a combustion chamber. 

The cylinders have a diameter of -45 m. (17{ ins.), and the 
driving-wheels of 1-62 m. (5 ft, 4 ins.). The adhesive weight is 
2&^ tons, and the total weight upwards of 46 tons. The heating 
surface is 121 sq. m. (1300 aq. ft.), and the grate area is 2-3 sq. ra. 
(24J sq. ft.). 
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Fig. 201. — Express Engine of MediterriuieaD Railway of Italy. 



2. In fig. 263 is shown a form of ODtside cylinder aix^coapled 
engine, with leading bogie, also employed on the Mediterranean Rail- 
wayof Italy. This engine has out8:de cylinders -47 m. (18j^ ins.) in 
diameter, with a stroke of -63 (24^ ins.}; atid driving-wheels, 1-68 
m. (5 ft. 6 ina.) in diameter. It is capable of running up a gradient 
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Fig. 265. — Six.coupleil Engine of MeditenaneBo Rulway of Italy. 

which, for nearly 19 miles, continuously rises I in 63. With a 
train load of 160 tons, its speed ia 28 miles per hour. The beating 
surface is 1598 sq. m. (1720 sq. ft.), and the grate area ia 2-24 sq. 
m. (24-1 sq. ft.). The weight of the engine is 56 tons, and the 
adhesive weight nearly 42 tons. 
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SWISS MOUNTAIN LOCOMOTIVES. 

mountain locomotiTes are of two kinds, some acting by adhesion 
alone, and others by rack and pinion gearing. Adhesion loco- 
motives are successfully employed on gradients ranging generally 
from about 1 in 70 to 1 in 3U ;, and the rack locomotiTes, from ihe 
latter to about 1 in 4. Both types are lately employed in various 
portioDB of Europe, but the examples given below of Swiss moun- 
tain looomotivea may be roneidered fairly typical. 

Adhetdon HoontaJn Locomotives. — I. A very powerful form of 
compound adhesion locomotive, especially designed for goods traffic 
on niountaiu railways, is that shown in fig. 266, and known as 
Hallet's double-bogie compound engine. A tank engine of this 
kind, weighing 87 tons, is employed on the St. Qothard Railway. 
This engine is carried on twelve wheels, which, in order to utilise 
the adheeion due to the whole weight of the engine, are all driven. 
To enable this to be accomplished while yet retaining the nec<>ssary 
flexibility of the wheel-base, the wheels are coupled an<l driven in 
two sets of six ; the boiler and frames resting on two six-wheeled 
bogies, each of which carries its own set of two high-pressure, or 
two low-pressure, driving cylinders and gear. The steam pipes are 
made with articulated connections, so as to permit of the move- 
ments of the bogies relatively to tiie boiler. 



Fig. 269. — Mallett'i Double-bogie Compound Locomotive. 

The steepest gradient on the St. Qothard Railway is 2-5 per 
cent., or 1 in 40, on the northern, and 2-7 per cent., or 1 in 37, on 
the southern ascent. The mean over the mountain section is 1*2 
per cent., or I in 1)3. The engine in question, with a load of 200 
tons, is able to run at a speed ot 20 km. (12'^ miles) per hour up 
the maximum grade of I in 37. The consumption of fuel is <i7 lbs. 
of coal per engine mile, on the average, over the whole mountain 
section, out reaches nearly 160 lbs. per wile on the steepest grade. 

The high-pressure cylinders have a diameter of 40 m. (15-7 ins.), 
the low-pressure of '58 m. (22-8 ina), and each has a stroke of '64 
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m. (25-2 ua.). The twelve wheek are each 1-23 m. (4 ft.) in 
diameter; the working boiler pressure is 13 atmos. (177 lbs. per 
sq. in.); the grate area is 2-19 sq. m. (23-6 sq. ft.), and the total 
heating surface, 164-3 sq. m. (1660 sq. ft.). 

3. A. sis-coupled compound express engine, weighing 65 tons, 
with a leading four-wheel bogie, is a tjpe also employed for service 
over the whole of the St. Oothard syeteiu. This is shown in Gg. 
267. These engines are able, with a load of 120 tons — six saloon 
carriages and a luggage van — to ma up the maximum grades of 
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1 in 40 and 1 in 37 at a speed of 48 km. (30 miles) per hour. At 
the summit and on the valley sections they attain a speed of 105 
km. (65 miles) per hour. 

These engines are constructed in two forms — one with three 
cylinders and the other with four. In the former, the high* and 
low-pressure cylinder diameters are '44 m. (17f ins.) and '48 m. 
(18|- ins.) respectively, and in the latter, '35 m. (13f ins.) and *53 
m. (20f ins.). The stroke in each case is *60 m. (*23| ins.). The 
driving-wheels are 1*60 m. (5 ft. 3 ins.) in diameter, and the 
working pressure 14 atmos. (207 lbs. per sq. in.). The grate area 
is 2*3 sq. m. (24f sq. ft.), and the heating surface 165 sq. m. 
(1775 sq. ft.). 

Rack Locomotives. — 1. An example of a rack locomotive con- 
structed for the Brienz and Rothom Abt Rack Railway is shown 
in fig. 268. This railway has a gauge of *80 m. (2 ft. 7^ ins.), and 
a gradient where steepest of 25 per cent., or 1 in 4. The sharpest 
curves have a radius of 60 m. (3 chains). The rack is composed of 
two bars placed so that the teeth in each are adjacent to the spaces 
in the other. The breadth of the rack bars is 2*5 cm. (1 in.), the 
length of the teeth from root to point is 4 cm. (1*6 in.), and the 
thickness of each tooth at the base is 5 cm. (2 ins.). 

The engine has three axles, the driving pinions, a, being mounted 
on the two leading ones. These are rotated by a connecting-rod 
jointed to a rocking beam which is reciprocated by the piston-rod. 
The cylinders— of which there are two — are '30 m. (12 ins.) in 
diameter, and have a stroke of *55 m. (22 ins.). These, through 
the medium of the rocking beam, act on the connecting-rod at a 
leverage of 1 *4 to 1 . 

The wheels, which run loose, are '653 m. (26 '1 ins.) in diameter; 
and the pinions at the pitch circle have a diameter of '573 m. 
<(22*9 ins.). The train load the engine can push up the inclines of 

1 in 4, where the curves are sharpest, is about 27*9 tons ; the 
maximum actual train load is about 26 tons, including the engine 
itself. 

The rigid wheel-base is 1*41 m. (4*62 ft.), and the total wheel- 
base is 3 m. (9 '48 ft.). The heating surface in the firebox is 
3*7 sq. m. (39*83 sq. ft), and in the tubes 335 sq. m. (360*7 sq. ft.); 
total 37*2 sq. m. (389*65 sq. ft.). The grate area is *62 m. (6*65 sq. 
ft.). The working pressure is 14 atmos. (207 lbs. per sq. in.). 

When empty, the engine weighs 13 tons. When in working 
order, it carries 14 cwts. of coal, 1*2 tons of water in the tank, and 
an equal quantity in the boiler ; and its tot»l weight is 17 tons. 

Its total length, exclusive of the buffers, is 5*51 m. (18 ft.), width 

2 m. (6-56 ft.), and height 3 m. (9*84 ft.). 

The means for braking the engine and regulating the descent 
are of supreme importance in engines of this description. The 
system employed is that first used in the Riggenbach engines. 
The cylinders suck in air during the descent, and pump it into 
<the steam pipe. Here it accumulates, and, unless let off, soon, by 
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its back pressure, arrests all motion of the engine. For letting off 
portions of the air a special pipe with a valve situated in the cab is 
provided. The descent is regulated by allowing the air to escape 
gently. On checking the escape the train stops almost immediately. 
There are fitted in addition two powerful screw brakes — one for 
normal use in stations and in shunting ; the other for use in case 
the first two fail. These brakes act through lever gear on discs, 6, 6, 
fitted on both pinion axles, and either one alone is able to arrest 
the train almost immediately on the steepest grade. 

2. In fig. 269 is shown a form of four-cylinder engine designed so 
as to be capable of acting either by rack or by adhesion alterna- 
tively. The two outside-cylinders drive the adhesion wheels, and 
the two inside cylinders work the rack pinions. 

3. The following are pai*ticulars of a four-cylinder compound 
engine of similar construction as regards the alternative rack and 
adhesion working, employed on the St. Gall and Gais Mountain 
Railway. 

The two sets of cylinders can be worked simple, either together 
or separately ; or all four can be worked compound. The cylinders 
each have a stroke of *40 m. (15-17 ins.), and diameters of '36 m. 
(14*16 ins.). The adhesion wheels are '80 ni. (31*4 ins.) and the 
trailing- wheels are *555 m. (21*76 in diameter. The rack pinion — 
which has 27 teeth — is of -86 m. (33*86 ins.) diameter at the pitch 
circle ; and the driving pinion on the crank shaft — with 13 teeth — 
is '40 m. (15 17 ins.) in diameter. 

It will be seen that the inside cylinders work at rather more 
than twice the rate of the outside cylinders. This, when working 
compound, is, in fact, equivalent to a cylinder ratio of 2*08. 

The grate area is 1*4 sq. ra. (1506 sq. ft), the heating surface is 
94 sq. m. (1011 sq. ft.), and the working pressure is 12 atmos. 
(176*4 lbs.) per square inch. 

The engine, which weighs 27*6 tons empty, carries 1 ton of coal, 
3 tons of water in tlie boiler and the same in the tank, and has a 
total weight in working order of 34*6 tons. 

At low speeds, and under favourable conditions as to weather, 
the engine can easily haul 90 tons, including its own weight, on the 
steepest grade. 

CYLINDERS AND STEAMCHESTS. 

As before remarked, outside cylinders are almost universal in 
(Germany, Austria, and Italy. Inside cylinders are not frequent in 
France, only the Northern and Western Railways employing them 
in express engines. 

The position of the valve chest — as in this country — varies con- 
siderably in different designs of engines, being sometimes above, 
sometimes between, and sometimes below the cylinders. Perhaps 
the most common position is on top, and inclined towards the 
driving-axle. 

^ 24 
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In fig. 270 another very common duposition of the valve chests 
is seen, differing notably from British 
practice. In this, the cylinders are 
insid^ but the vslve fitces and steam- 
chest are inclined outwardly. In most 
cases the position is determined mainly 
with a view to accessibility , 

VALVES AND VALVE GEAR. 

Slide Valve Oean.— The Stephenson, 
Allan, Ooocb, and Walscliaert (or 
Hensipger) gears are all Ut|[ely em- 
ployed, when outside — which is the 
commonest disposition — the requisite 
eccentric or eccentrics are mounted 

on a return crank. The links em- "'"*'^vilv''e'^t"^ 

ployed are generally of the box 
type. 

The Walschaert gear has been described on p. 161. A modifica- 
tion of this, in which no eccentric or return crank is used, is shown 
in fig. 271. This is employed in certain engines on the Western 
Railway of France. The valve is worked by a floating lever as 
before ; but the link is rocked in this form of the gear from the 
conaecting-rod by means of an arm jointed to a link resembling 
that made use of in Joy's gear. This affords the variable com- 
pimsnt of the movement of the valve — which determines the 
direction of motion and the grade of expansion — while the in- 
variable, or lap and lead component, is derived from the crosshead, 
as in the orisinal Walschaert gear, 

CorllBB Valves and Oear.~A number of locomotives with separate 
admission and exhaust valves of the Corliss type at each end of the 
cylinder have, for some years, been running with good results on the 
Paris and Orleans and other Railways. The valve gear employed 
in these locomotives is shown in side elevation in fig. 272, in which 
figure are also seen port longitudinal sections through the cylinder 
showing respectively the admission and exhaust valves, and a 
transverse section of the cylinder passing through the axis of the 
pair of valves at one end. The upper are the admission valves, and 
the lower are the exhaurt valves. Arms or cranks on the valve 
spindles of the admission valves are connected by a horizontal bar, 
A, so that they move together, and, in like manner, the exhaust 
valves are connected by a bar. A', Both sets of valves are double 
ported to ensure rapid action, and are so disposed as to be closed 
when the bars, A, A', are in the middle of their horizontal travel. 
Displacement of these bars in either direction opens the valve at 
one end of the cylinder and closes that at the other. 

The admission valves are worked by a variable expansion and 
reversing link motion of the Gooch type, the bar, A, being con- 
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nected by the adjustable rod, B, to the block in the swinging link, 
C. The whole of the motion is outside, and the eccentrics of the 
link motion are carried by a return crank. 

The exhaust valves are operated, with a movement not capable 
of being varied, through the rocking lever, D, from a fixed point, £, 
at the upper end of the link, C. The usual adjustment of the block 
in the link, for the purpose of regulating the grade of expansion or 
for reversing, affects only the admission valves. The release of the 
exhaust and the beginning of compression are, therefore, not changed 
by altering the grade of expansion. This is a very considerable 
advantage in favour of this gear as compared with any simple slide 
valve gear ; since in the latter the earlier the point of cut-off the 
earlier compression begins, with the result that high grades of 
expansion are almost always accompanied by excessive compression. 

The leading advantage is, however, the reduction of initial con- 
densation that ensues upon the separation of the admission valve 
from the exhaust. The temperature of the exhaust is about 230' F., 
while that of the steam-chest is about SSG"" F. Thus, where a single 
valve is employed, a certain amount of condensation must take 
place, which is avoided when separate valves are used. 

The exhaust valves, being at the bottom, also serve to drain the 
cylinder. Double-ported Corliss valves are, moreover, practically 
balanced, and also give the rapid opening of the Trick or Allan 
valve. 

One of these engines, after running over 40,000 miles, was, in 
1892, taken into the Paris workshops for overhauling. All that 
was found necessary in the mechanism of the new gear was to 
tighten the valve arms or cranks on their square seats. The valves 
and other portions of the gear were in such good condition that the 
engine was able to be returned from the shops without further 
repair. 

A careful comparison was made between the performances of one 
of these locomotives and another one with ordinary slide valves, 
but otherwise exactly similar in all respects to the Corliss loco- 
motive. The observations were made between Paris and Orleans, 
each engine taking twenty-four trains each way under ordinary 
working conditions. The nett result was to show that in the 
Corliss locomotive the consumption of steam per draw-bar horse- 
power was 11*19 per cent, less than in the engine with ordinary 
valves ; and that the coal consumption was 6*3 per cent. less. The 
difference between these two percentages — showing a differmoe in 
boiler efficiency in fiivour of the ordinary engine — was considered 
to be due to the presence of more incrustation in the former boiler 
than in the latter. 

AXLEBOXES. 

A form of axle-box, especially for locomotive driving-axles, is 
shown in fig. 273. In this system of construction — known by the 
name of Raymond and Henrard — three brasses are employed in 
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onler to enable the horizontal thrusts due to' the driving forces to 
be the better resisted. The upper brass, A, which always rests on 





Fig. 273.— Raymond and Henrard Axle-box. 
tlie journal, has oil grooves in its face ; the side brasses, B, C, have 
none. They are capable of being adjusted by an inner wec^e, F. This 
is first forced home, and is then withdrawn a few millimetres ; the 
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very ■light fi^j Uins allowed to the aide bnuses permitting tfao 
lubricant to enter between them and the axle. . 



SeveralformBof bogies are employed on the Continent,' resembling 
those in use in this eountry. But a form of bogie, shown in figs. 
274 and 276, differing in important respen^ from any employed 
here, has been a<lopt«d ou the Paris, Lyons, and Mediterranean 
Railway. In this, the bogie is caused to resume its central position, 
not by the action of springs, but by gravity. The b<^e pin baa a 



Kg. 27*.— Bogie of Puis, Lyons, and Mediterraneu) Railway. 

spherical end, and rests in a apberical socket, which permits the 
bogie to incline slightly to the right or left if the rails are not quite 
level. The soi^et is caused to torn about a vertical axis relatively 
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to the bogie cairiage with the bogie pin, and in bo doing r 
the right- or lel't-band screw gar- 
faces on which it rests. Besides 
this, the box in which it is t-on- 
taiaed is capable of a limited 
Isteral movement, during which, 
in either direction, it rides up 
inclines of abont 1 in 6. The 
result is that the weight resting 
on the bogie tends always to 
bring the bogie into ita central 
position, and its axles into 
parallelism to the driving-axles. 
The swing of the bogie is limited, 
and detachment prevented by a 
pair of links with play enough 
not to hinder its legitimate f\g_ 276.- 
movements. and Me 

liOILERS. 

The Use of De-IncrastantB.— In certain parts of France water 
purifyinR jitant is found necessary to prepare the water for use in 
locomotive boilei-s, and on certnin of the railways de-incrustantB 
are employed. Thus, in order to prevent the formation of hard 
deposits of calcium sulphate, tlie Eastern Railway employs a pre- 
paration of sodium carbonate, extract at logwood, and quebracho. 
An average quantity of about two litres of the solution is added 
to the water in the tender daily ; the amount being increased or 
decreased according to variations in the quality of the WMter. The 
Western Railway ulso employs, as a de-incrustant, a preparatioD 
of qnebracho obtained by boiling this wood with caustic soda. 

Tenbiink Boiler.—This is a form of boiler much employed on 
the Continent, as, lor example, on most of the engines of the Paris 
and Orleans Railway. In this boiler, shown in fig. 276, a water 
chamber, connected to the water space in the boiler by upper and 
lower water circulating tubes, takes the place of the brick arch in 
the firebox. This water chamber or slab is built up from two 
parallel copper plates connected by cross stays and strong end 
ca|)fl. As employed by the company named, it surmounts a 
steeply-inclined grate, on which the fuel is delivered from a hopper 
extending the whole width of the firebox. As the combustion 
proceeds, the fuel descends spontaneously towards the lower end 
of the grate, where there is a drop which can be worked from the 
footplate. Air in this case is admitted above the fuel through the 
Rjonth of the hopper, which is furnished with a dsmper or valve. 
' A modification of this constmction, designed for lacilitating the 
conversion of ordinary locomotive boilers into Tenbrink boilers, is 
also employed. In this, the hopper is superseded by an oval door 
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with an air grid, and just within is a deflector for directing the air 
towards the sides of the firebox. Air inlet holes are also made on 
each side near the lower part of the firebox for admitting air above 
the fuel. 




Fig. 276,— Tenbrink Firelnix. 

Flamant Boiler. — This form of boiler, previously described on 
]). 224, is employed principally on the Eastern Railway of France. 
In the locomotive shown in fig. 251 is seen the boiler in side 
elevation. The object aimed at is the attainment of greater boiler 
power by an enlargement of the henting surface, without increasing 
greatly the boiler dimensions. To this end, the barrel is entirely 
filled with tubes, and is surmounted by a horizontal steam collect- 
ing drum extending the whole length of the boiler. At the same 
time, the external firebox is extended vertically, so as to form a 
large steam space, with which the steam drum communicates at 
the back end. The steam druui communicates with the barrel by 
pipe connections at several points in its length. 

Tubes. — In addition to plain or smooth tubes, like those em- 
ployed in this country, a form of internally ribbed or winged tubes 
— known as the Serve tube — is largely employed in France. The 
surface of the ribs constitutes a large addition to the surface of 
metal in contact with the hot gases, and results in a readier 
absorption of heat therefrom. 

An elaborate series of experiments was carried out in 1885-1890 
by M. Henry on the Paris, Lyons, and Mediterranean KaUway, in 
which the first object was to ascertain the most advantageous 
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length for the tubes in a locomotive boiler in relation both to 
economy and to maximum steaming power, and the second ta 
compare Serve tubes with ordinary or plain tubes. Three sets each 
of eighty-one three-hour tests were made with ordinary smooth 
brass tubes of 1*97 ins. outside diameter; and a series of one 
hundred similar experiments were made with Serve tubes. 

Seven different lengths of plain tubes were employed, varying in 
length from 23 fL to 9 ft. 10 ins. ; four forms of fireboxes were 
used — one without an arch, two with different lengths of brick 
arch, and one with the Tenbrink or water arch ; and three different 
intensities of chimney draught were tested — 1 in., 1} ins., and 3 
ins. of water. One set of eighty-one experiments was carried out 
with a grate area of 20 sq. fb., and the two others with respectively 
one-quarter and one -half of the grate bricked up. 

The general conclusions were (1) that a large grate area is advan- 
tageous ; (2) that the water arch and brick arch are both of value, 
the former being superior to the latter, but more troublesome to 
maintain ; (3) that the length for plain tubes which gives maximum 
duty and good economy is between 13 ft. 1 in. and 14 ft. 9 ins., but 
that special conditions as to weight or power may justify lengths 
varying from 9 ft. 10 ins. to 16 ft. 5 ins. but not passing outside 
those limits ; (4) that the regulation of the draught is the best 
means for giving elasticity to the power of the locomotive. 

In the preliminary experiments with Serve tubes, the difficulty 
of keeping them clear was solved by blowing steam through each 
tube and occasionally applying a triangular rake. The diameter 
and length of the tubes, the firebox arch, and the draught were each 
varied in turn with the Serve tubes, as in the former series of ex- 
periments with plain tubes, and the results measured and tabulated. 
An exhaustive analysis and comparison was then made as to the 
merits of the ordinary plain brass tubes and ribbed brass tubes 
with equal draught. In this comparison the lengths of the tubes 
considered were those that gave maximum efficiency — that is, for 
plain tubes of 1*97 ins. diameter, 13 fb. 1 in. ; for Serve tubes of the 
same diameter, 8 ft. 2 ins. ; and for Serve tubes of 2*56 ins. dia- 
meter, 9 ft. 10 ins. The general evaporative efficiency with either 
of these three sets of tubes was the same. 

The conclusion was that the employment of Serve or ribbed tubes 
permits a considerable shortening of the boiler without lessening 
its duty or power. In changing from plain tubes of 1 '97 ins. dia- 
meter and length of 13 ft. 1 in. to Serve tubes of the same diameter 
with a length of 8 ft. 2 ins., the weight of the experimeiital boiler 
in working order was reduced by 2*156 tons; and in changing to 
Serve tub^ with a length of 9 ft. 10 ins. and a diameter of 2*56 
ina., the weight was reduced by 1*205 tons. Serve tubes are now 
generally employed on the Paris, Lyons, and Mediterranean Rail- 
way. 

Polonceaa'B Firebox Roof. — ^This is a method of construction that 
avoids the necessity for stays or separate bridges. The firebox 
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roof, instead of being made from a single flat sheet, is composed 
of a series of plates bent saddle- wise to a trough-like section 
in one direction, and to an arch-like form in a direction at right 
angles to this. The vertical flanges of the troughs in the adjacent 
sections are ri vetted together, and practically constitute a series of 
transverse girders of sufficient strength to sustain the firebox roof 
agaiijst the pressure to which it is subjected. This construction of 
firebox is found in certain Austrian locomotives, and in some of 
the engines of the Paris and Orleans Railway. 

Borck Firebox. — A form of firebox has been tried in Germany in 
which a brick lining to the firebox shell is substituted for the 
internal firebox and surrounding water-space, and the end of the 
barrel is entirely closed by the tube-plate. This construction, in 
respect to efficiency and durability, has given satisfactory results. 
The principal object aimed at is. to dispense with the costly system 
of staying entailed by the normal construction of firebox. 
' Steam Branch Fitting— In order to reduce the number of holes 
made in the boiler plates, a single steam fitting with a number of 
steam branches is mounted at the back of the boiler inside the cab 
in many of the locomotives of the Western Railway of Prance. 
This is shown in fig. 277, and has, in addition to its main purpose. 
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Fig. 277. -Steam Branch Fitting. 

the advantage of bringing all the handles conveniently together. 
This fitting has branches for the steam pi|>es to the injectors, the 
brake air-compressor, the steam blower, the Gresham sand -ejector, 
and the pressure gauge. 
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BLAST PIPE. 

Tariable blast pipes of different formB are largely emplojjed. 

Among these the example showa in Gg. 278 is worthy of mention. 

The mouth of the exhaust or blast pipe is formed hj two hinged 

Krtions resembling flap valves. These are so shaped that when 
noght close together the blast pipe is still open, buf with mini- 



Kig. 278.— Variable Blast Pipe. 

mum ftrea. The two hinged portions work between flat vertical 
extensions of the exhaust pipe. They are connected through the 
medium of suitable lever and linkage gear to a handle in the cah 
by which they can be adjusted. By more or less separating them 
the area of the blast pipe is enlarged. 

SMOKEBOXt CHIMNEYS. 

The extended smokebox is frequently employed, as, for instance, 
in the compound locomotives on the Paris, Lyons, and Mediter- 
ranean Railway. This form is illustrated in fig. 279. It contains 
the intermediate steam pipes, and afibrds ample space for making 
these large enough to act as the intermediate receiver. 3^e later 
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locomotiyes of the Western Kail way of France, and certain Overman 
and Belgian engines, also have extended smokebozes. A hopper 
closed by a valve is provided in front of the cylinders for the with- 
drawal of cinders. The chimneys of French locomotives often have 
A screen extending slightly above the top at the front, for prevent* 




Fig. 279. — Front Extension Smokebox. 

ing the wind from interfering with the draught ; and they are often 
fitted with a damper plate. These features are clearly shown in 
iig. 279. Belgian engines commonly have square chimneys. The 
object is to ezdarge the area as much as possible, and to soften the 
draught, on account of the character of the fuel available. 
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COUPLING ENGINE AND TENDER. 

A method of coupling the engine and tender without the use of 
elastic buffers is employed on the Western Railway of France. 
This is known as Roy's fsy^tem of oblique buffers. This mode of 
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connection is seen in plan in fig. 280. The ^'buffers" on the engine 
have spherical ends ; those on the tender are fiat and inclined at 
about 50^. This prevents lateral movement between the engine and 
teuder, but does not hinder the reqjiisite relative movement in 
passing round curves. 

BRAKES. 

Wenger Brake. — The automatic brakes employed are commonly of 
the compressed-air type. Among these the Wenger brake is worthy 
of mention. This brake is especially designed to enable a pro- 
longed, but moderate, application of tlie brakes to be maintained 
during the descent of long inclines. In principle, it is analogous to 
the Westinghouse brake. The piston-rod. in the brake cylinder 
carries, in addition to the main piston, k small auxiliary piston 
working in a cylinder projecting inwardly from tli»^ front cover. 
When the pressures on opposite sides of the main piston are equal, 
the pressure on the small piston thrusts out the piston-rod and 
releases and holds ofi* the brakes. The main piston is packed by 
a cup-leather, which permits air to leak from the back of the 
piston to the front, but prevents it from iiassing in the reverse 
direction. The application of the brakes is controlled by regulating 
the pressure behind the main piston. As this pressure is reduced 
the piston-rod is withdrawn, and the brakes are thereby applied, 
with a force dependent on the preponderance of the pressure on 
the front of the main piston over the joint pressures behind the 
main piston and on the auxiliary piston. 

The partial relief of pressure behind the piston is effected through 
the m^ium of a solid slide valve attached to, and adjusted by, a 
small piston working in a chamber at the side of the brake cylinder 
and fitted with a leather packing acting like that of the main 
piston. A spring acts on the valve 8;o as to keep the escape 
orifice closed as long as the pressure in the brake pipe is equal 
to that in the brake cylinder. But if air is allowed to escape from 
the brake pipe, the air enclosed in the back end of the brake 
cylinder, acting on the small valve piston, pushes it over so as to 
cause the slide valve to uncover the escape orifice more or less 
completely, with the result that a reduction of pressure in the 
back of the brake cylinder at once ensues. The consequence of 
this, as we have seen, is a more or less forcible application of the 
brakes, which may be maintained as long as desired. 

Counter-pressure Brake. — A method of arresting the motion of 
trains, formerly much used on the Continent, consists in reversing 
the valve gear while leaving the regulator open. The effect of this 
is to cause the steam to oppose the movements which the pistons 
are constrained to perform owing to the adhesion of the wheels. It 
is in the descent of long inclines that this method of braking the 
train finds its most useful application ; superseding, with great 
advantage, a prolonged use of the hand brakes. 
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This method cannot be applied, however, without some special 
provision for preventing the in-draught through the exhaust pipe 
into the cylinders of hot air and ashes from the smokebox. This is 
chiefly on account of the destruction of the lubricant and injury to 
the wearing surfaces ; but partly also because the air pumped into 
the boiler would hinder the action of the injectors. To guard 
against these inconveniences the Chatelier arrangement is em- 
ployed. This is an apparatus for injecting steam or hot water into 
the exhaust pipe. By means of this, the cylinders draw in steam 
in place of air and force it into the boiler. Since oil, which is 
objectionable in the boiler, might be carried in with the steam, the 
supply of lubricant to the cylinder is cut off whenever the counter- 
pressure method of arresting the train is put in action. 
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CHAPTER XXII. 

REPAIRS, RUNNING, INSPECTION, AMD RENEWALS. 

Contents. — Taking Over Engines from Shops — Lighting Up, Running, and 
Returning to Shed — Failures and Breakdowns on Koad — Periodical 
Inspection and Repairs — Life of Boilers, Wheels, and Axles — Mileage 
and Cost of Repairs and Renewals. 

Taking Over Engines from Shops. — When a locomotiye is built 
at the Railway Company's Works, or delivered by the locomotive 
builders, it is necessary carefully to get up steam, and run a 
trial trip for a distance of about fifty miles. If all the bearings 
run cool and no joints are leaking, the engine is then put to 
work. For a few days the engine, if for goods traffic, is run 
on slow goods trains; and if for passenger traffic, is run on 
slow passenger trains. When an engine is supplied by a firm of 
locomotive builders, it is usually specified that the engine will be 
required to run 1000 miles without showing any defect in material 
or workmanship ; and that the builders will be held responsible for 
defects which may present themselves (accidents alone excepted) 
until it has run the distance named. The engine is then put to 
regular work. 

Lighting Up, Running, and Returning to Shed. — Before lighting 
the fire, notice should be taken that the proper quantity of 
water is in the boiler, that the brick-^irch and fire-bars are in 
good condition, that the regulator is properly closed, and that 
the reversing lever is in mid-gear. The fire should be started 
slowly, as the boiler undergoes the greatest strains when steam is 
being raised and the boiler expands ; and when cooling down and 
the boiler contracts ; on each occasion the tubes, stays, <&c., are 
very much strained. 

The engine-driver and fireman must be with their engine at 
such time previous to the starting of the train as may be required ; 
this is generally about thirty minutes, to enable them to oil all the 
bearings and motion, fill all lubricators, and examine the engine 
thoroughly; they must satisfy themselves that the engine is in 
proper order. On the engine there must be a complete set of 
lamps, a box with not fewer than twelve detonators, two red flags, 
a fire bucket, and the necessary spanners, hammers, tools, <fec. 

Before leaving the running shed the cylinder cocks should be 
opened, so that the condensed water in the cylinders may escape. 
It should be seen that the tank is filled with water, the sand- 
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boxes with sand, and that the proper amount of coal for the 
day's work has been supplied, care being taken that the coal 
is not stacked too high, and that it and the boxes, fire irons, 
and tools which are carried are so placed that they will 
not fall off when the engine is in motion. Except where other- 
wise provided, no engine is allowed to be in motion on any 
running line unless both the engine-driver and fireman are upon it, 
and when on duty they must not leave their engine unless it is 
absolutely necessary for them to do so. The engine-driver, before 
commencing duty, must ascertain from the notices posted for his 
guidance, if there be anything requiring his special attention on 
those parts of the line over which he has to work. 

After the engine is coupled to the train, which should be done 
as gently as possible, the screw coupling is screwed and the 
vacuum pipes coupled up, if the engine is fitted with the vacuum 
brake. The vacuum is raised, by opening the ejector, until the 
gauge shows the required amount to be maintained while running. 

When the signal is given by the guard to start, which is a green 
flag by day and a green lamp by night, the engine-driver must see 
that the starting signal is off before starting. When the engine 
has moved a short distance the regulator can be opened full with 
the reversing lever in full gear. As the speed increases the 
reversing lever can be brought back nearer the mid-gear position 
and the cut-off shortened. As the gradients of the line vary, so 
can the position of the reversing lever be altered. 

Several works have been written as to the duties of the engine- 
driver and fireman, and it is not necessary here to detail these 
duties when running with a train. It is most important that the 
engine-driver be thoroughly acquainted with every portion of the 
line over which he has to run. He must keep a sharp look-out 
all the time the engine is in motion, and the fireman must also do 
so when he is not necessarily engaged. 

In firing a locomotive it is important that sufficient steam 
be made and maintained so that the load can be hauled, and 
the time indicated in the time book should be kept ; this should 
be done with the least possible consumption of coal. The 
economy of coal depends on the method of firing. One method 
is to spread the coal evenly over the fire-bars by throwing it in 
turn into the right and left front comers, the middle of the right 
and left sides, and the right and left back corners of the firebox, in 
the front under the brick-arch, and under the firehole door. If 
this is well done the fire is rather thinner on the bars at the centre 
than round the sides. This method is generally called '* hollow " 
firing. The other method known as ''heap" firing is to drop 
shovelfuls of coal just inside the door of the firebox, and let it 
fall forwards and sideways to fill the gaps produced by combustion. 
Before reaching the end of the journey the fireman should fire 
in such a way, that as little fire as possible remains in the firebox 
when the engine arrives at the shed. 
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On returning to the engine-shed and before leaving the engine 
the driver should carefully look round and examine axle-boxes and 
all bearings to see if they have been running cool, see that 
all the steam pipe joints are tight, examine firebox and tubes, 
tyres, axles, springs, and motion. Should he find anything 
wrong it must be entered in the repair book provided for that 
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Failnres and Breakdowns on Road.— The engines that receive 
careful attention will run longest between repairs and cost less 
for maintenance. In looking through the repair sheets it can be 
seen that some drivers are continually reporting defects, while 
others have seldom any to report. At the same time, should a 
failure or accident occur on the road, it is necessary that the 
engine-driver should be so trained, that he should know what 
to do either to prevent a serious accident, or to take his train to 
the next station. All failures must be dealt with carefully and 
left to the judgment of the driver, whose experience should teach 
him best what should be done. 

Should a tube leak causing a blow into the Hrebox, and the posi- 
tion of the tube is such that it can be plugged, this should be done 
by means of an iron plug, some of which are always carried on the 
engine. If an axle should break, or fail, the train should not be 
stopped suddenly, but gradually ; if possible, it should be run to 
the next station. The two wheels should be bolted together by 
long bolts, and the weight taken off the defective axle by a piece of 
iron being placed between the homstay and the underside of the 
axle-box. 

Should a coupling-rod fail, on a four-coupled engine, the rods on 
both sides will have to be removed ; and should the engine have 
outside-cylinders, bushes (which should always be carried on the 
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purpose. While the driver is doing this the fireman should drop 
his fire and prepare for coaling, clean his lamps, and lock up the 
tool-boxes. 

The engine-driver should also make out his daily return and 
leave it with the foreman in charge. A return similar to the 
following is generally used : — 
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engine) must be put on the diiving-crank pins. This is to prevent 
the connecting-rod from working off the crank pin. These bushes, 
of course, would not be required for an inside-cylinder engine. If 
the trailing coupling-rod of a six wheels coupled engine should fail, 
it will be necessary to take the rods off both sides of one set of 
wheels, and work as a four wheels coupled engine; but should 
a leading rod fail all the rods must be removed. 

In the case of a failure of a connecting-rod either in the rod 
itself, the small, or big ends, it generally happens that the front 
cylinder cover and the cylinder are broken and damaged, as the 
piston, not being under control, is driven through the cylinder cover. 
It is then necessary to fix and uncouple the valve on that damaged 
side and work with the other cylinder. The same applies, should 
a piston-rod break, at the cotter hole inside the crosshead, or just 
outside. If a valve spindle or buckle should break, it would not 
be possible to place and block the ^lide valve, so that it would 
cover both ports with any certainty, without removing the steam- 
chest cover. When this is done the valve should be fixed with 
wedges. The connecting-rods should be disconnected, the piston 
brought right back, inserting between the back of the cylinder and 
the crosshead a piece of timber secured to the slide bar. 

Should the arm of the reversing shaft, reversing lever, reversing 
rod, hanging or suspension link break, the links will fall over into 
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full forward gear ; and to prevent delay to traffic the engine migLt 
be worked to the next station. It is always necessary that proper 
tools be at band and ready for use whenever needed, as one should 
be prepared for a breakdown. 

Examination of Engine by Driver.— It might be said that failures 
should not occur, but unfortunately they do. At the same time, for 
every failure there is a cause ; and, no doubt, more than half of 
them could be averted. To minimise them as much as possible 
the engine-driver should examine all running gear as carefully as 
he can. Commencing at the front of the engine and proceeding 
along each side, all nuts, cotters, set screws, and split pins should 
be examined, and care be taken to see if any are missing ; the 
piston and spindle glands, whether metallic or other packing, 
should work freely and not be screwed up too tightly ; the play 
between the slide bars and crosshead should be tried, and notice 
taken if any seizing has commenced ; a good surface must be main- 
tained for smooth working. The small and big ends must also be 
examined for side play and knocking ; a blow can be felt at either 
end by placing the cranks vertically, either above or below, and 
then applying steam to the opposite sides of the piston, and if this 
occurs must be immediately booked for taking up. A certain 
amount of play is necessary for coupling-rods, bushes, or brasses on 
the crank pins. If they are too loose a rattle is soon set up, and 
can be easily heard. Axle-boxes may also knock each time the 
crank comes to a dead centre. This can be adjusted, if the engine 
has homblocks fitted with wedges. If the wheel is loose on its 
axle, oil can be seen working through after each run. Tyres should 
be carefully examined for a flaw, and should be struck with a 
hammer, when a difference in sound can be detected if a flaw 
be present. Notice should also be taken of the sharpness of the 
flange of the tyres. All springs and spring gear should be care- 
fully tapped with a hammer and examined for broken plates or 
flaws. 

When oiling the different parts of the valve motion the eccentric 
straps, pulleys, and bolts should be examined for flaws, and the 
amount of play, or for any seizing that has taken place. The smoke- 
box and dampers should always fit tight and not show signs of 
drawing air, which will prevent the proper steaming of the engine, 
and is apparent by the heating caused. Both injectors should be 
tried each day, as either one may fail when the remaining one 
would require to be used. The continuous brake details must be 
carefully examined and tried at the end of each day's work, iind 
notice taken that all the brake blocks are carefully adjusted. All 
joints of steam and other pipes should be noticed for blowing. 

Periodical Inspection and Repairs.— In addition to the examina- 
tion of the engine by the engine-driver, both before and after 
each run, there are certain parts that should receive periodical 
inspection at the hands of experienced mechanics. The fire- 
box should be thoroughly examined at least every three months 
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for cracked, grooved, or thin plates, special attention being 
given to broken copper stays and thickness of tubes. The 
inspector at the same time should examine the smokebox, 
ashpan, rivets in the frames and the boiler generally. The piston 
and slide valves should be taken out and examined every three 
or six months for thickness of packing rings or thickness of 
valve ; coupling-rods should also be examined on the under- 
side periodically for any flaw. Whenever a connecting-rod big 
end is taken off, or an axle-box is being re-fitted, the axles and 
crank pins should be carefully examined for flaws. The different 
parts of the brake, whether Westinghouse or automatic vacuum, 
should also be periodically examined. All the examinations should 
be entered in books provided for the purpose. If a proper system 
of periodical inspection is made, many fedlures on the road will be 
obviated. 

After the engine has been running a certain period or a number 
of miles, which vary with the work done, the nature of the road, 
and traffic (and may be eighteen months or two years, 70,000 or 
100,000 miles), it will require to be sent to the shops for repairs. 
A report of repairs required similar to that on the preceding [lage 
is also sent, signed. by the driver and the running foreman. 

When the engine arrives in the erecting shop the first thing is 
to have it stripped, the wheels taken out, all the motion taken 
down if necessary, and the different details distributed to the 
various fitting, wheel, smith, coppersmith, <lrc., shops for repairs. 
The boiler will not require to be taken off unless heavy repairs, 
such as new firebox, dec., are required. Should the boiler be re- 
tubed or undergo heavy repairs, it should be re-tested, and regula- 
tions similar to those given on pages 223 and 224 are required for 
testing. 

In addition to the repairs reported by the engine-driver and the 
running foreman, the foreman of the erecting shop and the erector 
must carefully examine all parts, and thoroughly repair all required, 
and at the completion the erector's report of repairs, similar to the 
following, should be filled up and registered : — 
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Engine Detail. 



Particulars of 



Piston glands, 

,, seatings. 
Slide bars, 
„ blocks, . 
„ bar carriers, 
„ bar bolts, 
Connecting rods, 
Large end straps, 
„ brasses, 
>i gil>8, 
„ cotters, 
„ bolts. 
Small end straps. 






If 
I) 
»» 
>t 
It 



II 
II 
II 



II 
11 
II 
» J 
II 
II 
II 
II 



»i 
II 



II 

11 pins, 

II gi^i 
,, cotters, 
,, bolts, 
Coupling-rods, 

„ bushes, 
joint pins, 
taper pins, 
Axle boxes, . 

leading, 
driving, 
trailing, 
radial, . 
L. bogie, 
T. bogie, 
covers, 
keeps, 
Axles, leading, 
driving, 
traiUng, 
radial, 
L. bogie, 
T. bogie. 
Spring gear, . 

shafts, 
beams, 



II 
II 
II 
II 
II 



II 



New. 



Old. 



Dia. of Cylinders. 



Left. 



Right. 



Dia. of Piston-rods. 



Left. 



Right. 



ThicknesB of Valves. 



Left. 



Right. 



ERECTORS REPORT OF REPAIRS. 



395 



OF KEPAIRS. 



LOCOMOTIVE DEPARTMENT. 
€Ume to Engine, Datt sent out of Shopji,. 



.189. 



Engine Detail. 



99 



>» 



Spring gear, adjusting 

screws, 
adjusting 
nuts, 
centre hangers, 
Bogie sprinffs, 

„ side mieck springs 
,, cross stays, 
S^nings, leading, 
driving, 
trailing, 
radial. 
Brake cylinder, 
piston, . 
shaft, . 
brackets, 
hangers, 

blOKUCS, . 

bolts, . 

pins, . 

spring,. 

rods, . 

lever, . 

nut and screw, 

column, 
Buffer beams, . 
Draw hooks, . 
Centre couplings. 
Side links, 

,, chains, . 
Smokebox front, 
door, 
fittings. 
Engine frame, 

cross stays, 

horn stays, 

blocks and wedges, 
Sand-box gear. 
Boiler, . 

mountings. 



»» 



ft 

»t 
99 
)« 
• 1 
»» 
tl 
ft 
If 
>1 



9* 



»• 



9* 



ft 



Diameter of Exhauit Pipe. 



Particulars of 
Repairs. 



Engine Detail. 






Boiler safety valves, 

,, „ levers, 
„ „ springs, 
whistles, 
Wood lagging. 
Steel la^ng plates. 
Steam pipes, . 
Smokebox, 
Exhaust pipe, 
Regulator valve, 

spindle, . 
rod, 

handle, . 
stuifing-box, 
gland, . 
Ejector, . 

,, steam cock. 
Steam brake valve, . 
Vacuum exhaust pipe, 
„ train pipe, 
,, hose pipe, . 
Injectors, 

feed cocks, 
steam valves, 
,, pipes, 
feed pipes, 
delivery pipes 
waste pipes. 
Lubricators, . 

„ pipes. 

Gauge cocks, . 
Tyres, . 

leading, 
driving, 
trailing, 
L. bogie, 
T. bogie, 
,, radial, . 
Paint, 
Simdries, 



Particulars of 
Repairs. 



it 
ff 
tt 
tt 



Diameter of Chimney. 



I 


Thickness of Tyres. 


L. 


D. 


T. 


L.B. 


T.B. 


1 
1 











Date oj Trial, 

Signature oJ Leading Erector,. 
Foreman, 
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DESIGN AND CONSTRUCTION OF LOCOMOTIVES. 



Life of Boiler, Wheels, and Axles. — As railways differ very much 
from each other in the nature of their traffic and consequently 
in the cost of maintenance, the lifetime of a boiler on one line 
may be ten years and on another thirty years or over, a copper 
firebox from three to five years on one line and on another twenty 
years. A set of tubes on one line will only run three years or, 
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Date. 


No. of Engine or 
Tender. 


No. of 
Tender. 


Wheels. 


Tyres. 


Description. 


Dla. 


Nos. 


Thickness. 


Maker's 
Name. 


Date. 





















LOCOMOTIVE DEPARTMENT. 
Renewals of Tybes and Axles. 

Week endiiig ISO. 



Nob. on 


New Tyres. 


New Axles. 


Wheels. 


Maker's 
Name. 


Material. 


Date when 
fLe-tyred. 


Maker's 
Name. 


Material. 


Date when 
put Into 
Wheels. 


Class. 

















SignoUure,. 



LOCOMOTIVE DEPARTMENT. 
Tykes Condemned. 









Week ending 
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Date. 


Nos. on 
Wheels. 


No. of Engine or 
Tender. 


Material. 


Name 

of 
Maker. 


Date of 
Msnofacture. 


Particulars of 
Defect, &c. 

















Signatvref. 
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say, 50,000 miles; and on another line twelve or fifteen years 
and run 200,000 miles. Careful records shonld be kept of the 
dates and conditions of all crank and straight axles, and tyres; 
also of all wheels and axlfs changed from one engine to 
another. For this purpose the book and forms similar to the 
following are kept : — 



WHEELS AND AXLES PUT UNDER ENGINES AND TENDERS. 



Axlea. 


Examined and found 

sound in every respect, 

by 


Bemarks. 


Journal. *^«»*"- 


Maker's 
Name. 


Date. 


Straight or 
Crank. 


1 
1 













Date. 



LOCOMOTIVE DEPARTMENT. 
Axles Condbmned. 

Week ending 



.189. 



Noe« on 
Wheels. 



No. of Tender or 
Engine. 



Description 
of Axle. 



Material 
and Name 
of Maker. 



Date of 
Manufacture. 



Particulars of 
Defect, &c. 



Signature,, 



From these particulars the life and mileage can always be easily 
obtained. Crank and straight axles may run less than 100,000 
miles or oyer 600,000 miles. The mileage of tyres also varies 
very much. 

The following are the average mileages of tyres running under 
difierent olasses of engines on an English railway : — 
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The average mileage of ten sets of four wheels coupled bogie 
express engine tyres : — 

TABLE XXI.— MILEAGE OF EXPRESS ENGINE TYRES. 





Bogie 
(2 pain of wheels). 


Driving. 


Trailing. 

1 


Mileage, .... 
T.<oaded weight on wheels, . 
Diameter of wheels on tread, 


287,660 

T. C. Q, 
17 13 

Ft. Int. 
3 4 


473,150 

T. C. Q. 
14 9 

, FU Ins. 
6 7 


473,150 

T. C. Q. : 
14 6 

Ft. Ina. • 

6 7 



The average mileage of ten sets of six wheels coupled goods 
engine tyres : — 

TABLE XXII.— MILEAGE OF GOODS ENGINE TYRES. 



Mileage, 



Loaded weight on wheels, 



Diameter of wheels on tread, 



Leading. 



223,170 



T.. 
13 



C. Q, 
4 3 



n. Ins. 
4 6 



Driving. 



223,170 



T. C. Q. 
13 5 



Ft. 

4 



Ins. 
6 






Trailing. 



223,170 



T. 


C. Q. 


12 


2 


Ft. 


Ins. 


4 


6 



In all cases of repairs the design of the engine must always be 
taken into careful consideration. 



Mileage and Cost of Repairs and Renewals. — ^The following is 
a table containing particalars for the half-year ending December 
31st, 1897, and June 30th, 1898, of the repairs and renewals to 
the engines of some of the principal railway companies. The 
renewals on most of the railways include a certain number of 
new engines built to revenue account to replace old engines : — 
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APPENDIX A. 



L— SPECIFICATION OF FOUR WHEELS COUPLED BOGIE 

PASSENGER ENGINE. 

Ppinolpal Dimensions— 

rt. in. 

Inside diameter of cylinders, 17 

Stroke of piston, 2 2 

Length of ooiler barrel between plates, . . . .110 

Diameter of „ outside, 4 4 

Length of firebox shell outside, 6 10 

Width of „ at bottom, 3 10^ 

Number of tubes, 230, 

Diameter of tubes outside, If 

Height of centre of boiler from rails 7 9 

Lenffth of engine frame, 31 10 

Thickness of „ OH 

Distance between frame, 3 11^ 

Diameter of bo^e wheels on tread, 3 9 j 

;: oftSuSi :: \ -?>«>. • • ? i 

Centre of bo^e to centre of driving wheels, . . . 11 9 

„ of driving ,, of trailing „ ... 9 

,, of bogie wheels, 7 6 

Wheel base from centre of leading bogie to centre of 

trailing wheels, 23 9 

Height of centre of buffer from rails, . . . 3 6 

Working steam pressure, .175 lbs. per sq. in. 

PFeliminary Remarlcs. — Whore the dimensions are omitted in this 
Specification they will be found fully detailed in the drawing,* and these, as 
well as the terms of the specification, must be strictly adhered to, except in 
cases where the consent in writing of the Railway Company's Locomotive 
Superintendent has been first obtained. 

Iron. — In all cases where the words ''Best Yorkshire Iron" are specified, 
the same must be wrought iron of the manufacture of Lowmoor, Bowling, 
Cooper, Taylor, Monkbridge, or Famley best iron. In all cases the brand of 
the manufacturer is to be kept where it can be seen. 

Brass. — The brass, where specified, must be of good tough metaL 

Cfun-MetcU. — ^The gun* metal used must be composed of copper 8 parts, tin 
1 part. 

IVhiU Metal, — The white metal must be of an approved make or mixture of 
metals. 

* It ii to be undentood that thli ii a reprodnctiOD of a working speclflcatioti ; only leading 
dlmenilont appear on the accompanying Flate. 
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Boiler Plat6S. — The barrel, smokebox, tube plate, firebox casing, and 
throat and back plates of firebox, also all dome plates and butt strips, to be 
made of the best mild steel of the exact dimensions, both as regards form and 
thickness as given on the drawings. To be supplied by makers approved by 
the Railway Company's Locomotive Superintendent. 

QucUity. — The quality of the material to be that generally known as mild 
steel plate, and to be free from silicon, sulphur, or phosphorus. The ultimate 
tensile strain that the plates will stand to be not less than 25 nor more than 
30 tons per square inch, and to have an extension of not less than 23 per cent, 
in 10 inches. Every plate to be tested. 

Manufacture. — All plates to be made in the most approved manner from 
ingots hammered on all sides, and, when re-heated, to oe rolled truly to an 
uniform thickness. Both sides to be perfectly clean and free from pitting, 
roll marks, scale, dirt, overlapping, or other defects. Each plate to be taken 
from the rolls at a full rea heat, and allowed to cool gradually on a flat 
surface. Each plate is to be sheared to the dimensions given, and*in no case 
to be sent out oefore being levelled sufficiently true for machining. All 
plates that are wavy or buckled, or in any way defective, will be rejected, 
and must be replaced by the makers free of cost. The maker's name and date 
of manufacture must be legibly stamped on every plate, and not nearer the 
edffes than 9 inches. 

A sample or test plate 2 feet square must be sent in by the contractor as 
a sample of what will be supplied in the plates to be made under this contract, 
together with a complete analysis of the same. This test plate is to be 4 inch 
in thickness, and from it pieces will be taken for proving in the following 
manner. 

Te*t. — A piece 6 in. long will be bent over cold until the ends meet each 
other closely, and no fracture or sign of failure is to be observable in the 
heel of the bend. Pieces 3 ins. wide will also be taken, and a |-in. hole 
punched through same, which shall stand being drifted cold by taper drifts 
until it reaches 1 4 ins. in diameter without the edges fraying or showing signs 
of fracture. 

Samples or shearines from the plates must be tested in the presence of the 
Railway Company's Locomotive Superintendent or his Inspector on the 
premises of the maker whenever desired. 

The barrel and firebox casing, throat, back, and smokebox tube plates to 
be thoroughly annealed after they have been both flanged and punch^. 

Boiler Barrel. — The boiler barrel is to be cylindrical and butt-jointed, and 
is to be made in all re8x>ects as shown on drawings. It is to be 11 feet long 
between the smokebox tube plate, and the throat plate of the firebox shell ; 
4 ft. 4 ins. outside diameter, and composed of ^-in. plates. The longitudinal 
ioints are to have inner and outer covering strips double rivetted, the rivets 
being placed zig-zae. The transverse joint to have an exterior steel weldless 
ring double rivettea. The riiie to be turned inside to sauge, and to the exact 
diameter necessary, and then snrunk on. All studs ana fittings are to be fixed 
before the boiler is tested. 

Smokebox Tube Plate. — The smokebox tube plate is to be | in. thick, 
the tops and sides of the plate being flanffed 2^ ins., forming a flange for the 
smokebox, and is to be secured to the boUer barrel by a solid rolled weldless 
steel angle ring, well annealed, and supplied by makers to be approved by the 
Railway Company's Locomotive Superintendent. The ring must be faced, 
bored, and turned on the edges, and then slirunk on the boiler barrel, and is 
to be double rivetted to the same, the rivets being placed zig-zag. The tube 
plate is to be faced where it is joined to the boUer steel angle ring. Eight 
wash-out plugs are to be inserted in the plate as shown on drawing. 

Firebox Casing. — The firebox casing is to be 6 ft. 10. ins. long and 3 ft. 
10^ ins. wide outside at the bottom, and to be 5 ft. below the centre line of 
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the boiler. The top and sides are to be in one plate ^ inch thick. The back 
plate to be VV ^^^^^ thick, and flanged over to join the wrapper plate. The 
front or throat plate is to be ^ inch thick, and flanged over to join the barrel. 
All rivetted joints in firebox casing to be double rivetted. The expansion 
brackets are to be rivetted to the sides of the firebox shell. The holes in 
firebox casing for copper stays are to be drilled and then tapped to form a good 
thread. 

Rivettingr. — All rivet holes to be punched or drilled i inch in diameter. 
All rivets to be of the best Yorkshire iron, with a breaking strength of not 
less than 22 tons per square inch, and an extension of not less than 30 per cent, 
in 2 inches. Rivets to be 4^ inch in diameter before being closed, and to 
be closed where possible by a hydraulic pressure of at least 30 tons, so that 
they properly fill the rivet holes. The holes in the plates to be slightly 
countersunk under the rivet heads, and so punched that when the plates are 
in proper position for rivetting, the smaller dimensions of the holes shall be 
together at the centre of the joint. All holes in the various plates and angle 
irons must be perfectly fair with one another, and must not b« drifted in any 
■cose ; should any of the holes not be perfectly fair, they must be rimered out 
until they become so. and every hole must be completely filled by the rivet. 
The holes in the angle irons must be marked from the plates and drilled (not 
punched), the pitch of rivets and lap of joints being in all cases as shown on 
drawing. Great care must be taken that the plates are brought well together 
before any rivets are put in. The edges of all the plates are to be planed 
before being put together. Any caulking which may be required must be done 
with a broadtaced tool, care being taken that the plates are not injured by so 
doing. 

Copper Firebox Plates.— The copper plates to be of the very best 
quality manufactured, and to be supplied by makers approved by the Railway 
Company's Locomotive Superintonaent, of the exact dimensions, both as 
regards form and thickness, as given on the drawinss. 

The cupper plates to be properly annealed, and a piece taken from each 
plate must stand the following tests, viz. : — 

The ultimate tensile strain to be not less than 14 tons per square inch, with 
an elongation of not less than 40 per cent, in 2 ins. A piece 6 ins. lung is also 
to be bent double when cold, without showing signs of fracture at the heel of 
the bend. 

Teste to be made in the presence of the Locomotive Superintendent of the 
Company or his Lispector. 

Inside Firebox. — The inside firebox is to be of copper, 5 ft. 11 1\ ins. long 
inside at the top, and 6 ft. 1{ ins. long inside at the bottom ; the height inside 
at the middle of the box is to be 5 ft. 9^ ins. , the width inside at the top, 
3 ft. 6 ins., and at the bottom, 3 ft. 2^ ins. The tube plate is to be 1 in. thick 
where the tubes and barrel-stays pass throush it ; the remaining portion is to 
be reduced by hammering to j^ in. thick, ana is to be flanged back to join the 
•covering plate. The bade plate, which must be ^ in. thick, is to be flanged 
forwarcL The sides and top are to be in one plate, and ^ in. thick ; the jointe 
are to have 2^^ ins. lap when finished, and to oe single rivetted with | in. iron 
rivete, same quality as used for boiler. All the joints in the copper firebox are 
to be hand-rivettea. Two fusible plugs are to be fixed in the crown of the 
firebox. 

Fire-hole Door. — The ring for the fire door is to be of the best Yorkshire 
iron, and is to be circular, and of the dimensions shown on drawing. The 
ring is to be rivetted to the firebox by {-in. rivete, and is to project J in. 
beyond the edses of the plates, which must be well caulked. The fire door is 
to be of cast iron, formed in two halves, and made to slide as shown on 
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drawing. A wrouffht-iron deflecting plate is to be fixed in the fire-door hole 
BB shown. Also a brick arch in the firebox as shown. 

Stays. — The outside and inside fireboxes are to be stayed together on all 
sides with copper or bronze stays 1 in. in diameter and 12 threads per inch, if of 
copper, made from best soft rolled bars, having a breaking strength of not less 
than 14 tons per square inch, with an extension of not less than 40 per cent, in 2 
Ins. , properly annealed, screwed steam-tight into both copper ana steel plates, 
and afterwards rivetted over. Great care must be taken in cutting off the ends 
of the 'stays, so as not to injure the threads. The pitch of the stays to be 
about Si ins. centre to centre as shown. Great care must be taken that the 
holes in the outside and inside boxes are exactly opposite one another. The 
barrel stays are to be rivetted to the boiler with f-in. rivets and secured to the 
tube plate as shown in the drawing. The inner copper firebox is to have eight 
roof stay-bars of cast steel of approved make of the section shown, and secured 
to it by bolts which are tapped mto the stays only, as shown on the drawing. 
The stays are to bear on the top, back, and front plates, and are to be slung 
where sho^ii to the outer shelL The back plate of the firebox casing and the 
smokebox tube plate are to be stayed together with 11 wrought-iron longi- 
tudinal stays 1^ ins. in diameter where they pass through the back plate, and 
H ins. in mameter for the remainder of their length ; these stays are to have 
the head bedding on a copper washer, and screw^ into the firebox plate ; at 
the other end they are to oe secured by a nut bedding on a copper washer on 
each side of the plate. 

Tubes. — The boiler is to contain 230 brass tubes, of a brand and manu- 
facture to be approved by the Railway Company's Locomotive Superintendent. 
Each tube is to be If ins. outside diameter, expanded at smokebox end to 1} 
ins. outside diameter for a lenKth of 3 ins., and contracted to If ins. outside 
diameter at firebox end. Each tube to be No. 11 standard W.G. thick at the 
firebox end for a length of 1 ft., and then to be drawn tapered to No. 13 W.G. 
thick at the smoke end, the taper bein^ on the inside only, the outside 
remaining parallel. The proportion for the metal in the tubes to be 7U per 
cent, best selected copper and 30 per cent, best Silesian spelter. The tubes 
are to be inspected by tne Railway Company's Locomotive Superintendent or 
his Inspector, and supplied clean, and are not to be covered with paint or any 
similar coatins. The maker's name to be clearly stamped on the outside of 
each tube. The tubes are to be expanded by a Dudgeon's tube expander, and 
ferruled at the firebox end only. At the smokebox end the tubes are to stand 
through the plate J in. The tubes may also be made either of steel or iron. 

DoZQe. — The steam dome lb to be made as shown on drawing, and to he 
provided with steel cover. The dome is to be 2 ft. inside diameter, and 
2 ft. 2 ins. high inside, and ^ in. thick. The dome is to be made in one plate, 
and butt-jointed as sliown. A strengthening plate 4 in. thick is to be rivetted 
to the inside of the boiler under the dome, as shown on drawing. The hole 
for the dome is to be 19^ ins. in diameter. A soft steel manhole seating is to 
be single rivetted to the centre of the firebox top, and fitted with a cast-iron 
cover plate formed in one with the safety-valve columns. The cover plate and 
manhole seating are to be accurately faced, so that a perfect steam-tight joint 
can be made. 

Regulator. — In the inside of the dome is to be placed a cast-iron regulator 
in two parts with flanged joint, to have two valves, main valve of brass and 
the easing valve of cast iron, to be worked from the back of the firebox. The 
steam pipe leading from the regulator to the smokebox is to be of hard drawn 
copper, No. 6 standard W.G., 5} in. inside diameter, and is to have a brass 
flsjige brazed on where it fits into the tube plate ; the other end of the pipe to 
have a brass collar brazed on, and is to be secured to the stand regulator pipe 
as shown. 
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Wat6P SpECO.— The water space between the firebox and shell is to be 
3 ins. wide at the foundation ring, and is to be enlarged upward to the dimen- 
sions shown on drawing. 

Foundation RinflT.— The foundation ring is to l>e of the best Yorkshire 
iron, 3 ins. wide by 2| ins. deep, and rivetted to the inside and outside fireboxes 
with {-in. rivets, snap headed, 2 ins. pitch, to the section as shown on 
drawing. 

Ashpan — The ashpan is to be placed before the firebox casing, with 
movable doors and perforated dampers at the back and front, so arranged as 
to be worked from the back of the firebox. The handles for working the doors 
are to be placed at a convenient height on the footplate, as shown. The sides 
are to be of i-in. plates and the bottom of }-in. plate, of mild steel ; angle 
irons 2 ins. x 2 ins. x <j^ in. thick, are to be rivetted to the sides and bottom 
with 4-in. rivets. The ashpan is to be of the form, and fixed, in the manner 
shown, by angle-irons 4 ins. x 3 ins. x 4 in*> and cottered pins screwed into 
foundation rings. 

Fire Bars and Carriers.— The fire bars are to be of cast iron of the form 
and dimensions shown ; and the carriers of wrought-iron secured to the 
foundation ring in the manner shown on drawing. 

SmokebOX. — The smokebox is to be of the form and dimensions shown on 
drawins. The sides and crowns are to be ^V in. thick plate, of mild steel, 
rivetted to the flange of the smokebox tube-plate. The front plate is to be in 
one, and | in. thick, flanged all round the same as the smokebox tube plate. 
A hole for the door is to be cut in the front plate 3 ft. 10 ins. in diameter, 
which is also flanged all round. The door is to be of mild steel, ( in. thick, 
protected on the inside with a shield, placed 1} ins. from door. Great care 
must be taken that the door, when closed, is made a perfectly air-tight joint. 
The cross-bar is to be made to lift out of forged brackets, which are to be 
rivetted to the inside of the front of the smokebox. Two handles and a 
gripping screw are to be pro\'ided. All the plates are to be clean and smooth, 
ana weU ground over. All rivets are to be f in. in diameter, pitched as shown 
on drawing, and are to be countersunk and filed off flusn. The outside 
handles are to be finished bright. All lamp-iron brackets are to be fixed as 
«hown. 

Chimnoy. — The chimney is to be of cast iron, as shown on drawing, with a 
<lripping strip round the bottom of base and accurately fitted to the smokebox. 
The neight oi the top of the chimney from rails is to be 13 ft. 2} inches. 

Main Frames and Axle-box Guides. -The frames and frame stay- 
plates are to be made of the best mild Bessemer or Siemens-Martin steel, 
supplied by makers approved by the Railway Company's Locomotive Superin- 
tenaent, and of the exact dimensions, both as regards form and thickness, as 
given on the drawings. 

QueUUy, — The quality of the material to be that generally known as mild 
steel plate, and to be free from silicon, sulphur, or phosphorus. The ultimate 
tensile strain that the plates will stand to be not less than 24 nor more than 
30 tons per square incn, with an extension of not less than 23 per cent, in 
10 inches. 

Manu/aclure, — All plates, whether made by the Bessemer or Siemens-Martin 
process, to be made in the most approved manner from ingots hammered on 
all sides, and, when re-heated, to be rolled truly to a uniform thickness. Both 
fiides to be perfectly clean and free from pitting, roll marks, scale, dirt, over- 
lapping, or other defects. Each plate to be taken from the rolls at a full red 
heat, and allowed to cool gradually on a flat surface. Each plate is to be 
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sheared to the dimensions given, and in no case to be sent out before beinc 
levelled sufficiently true for machining. All plates that are wavy or buckled 
or in any way defective will be rejected, and must be replaced by the makers 
free of cost. The maker's name and date of manufacture must be legibly 
stamped on every plate, and not nearer the edges than nine inches. 

A sample or test plate at least 2 feet square must be sent in by the maker 
as a sample of what will be supplied in the plates to be made under this 
contract, together with a complete analysis of the same. This test plate is 
to be 4 inch in thickness, and from it pieces will be taken for proving in the 
following manner. 

TtH. — A piece 6 ins. long will bo bent over cold until the ends meet each 
other closely, and no fracture or sign of failure is to be observable in the heel 
of the bend. Pieces 3 in. wide wUl also be taken, and a f in. hole punched 
through same, which shall stand beins drifted cold by taper drifts imtil it 
reaches 1^ ins. in diameter without the edges fraying or showing signs of 
fracture. 

Samples or shearings from the plates must be tested in the presence of the 
Railway Company's Locomotive Superintendent or his Inspector on the 
premises of the maker whenever desired. 

All the plates are to be perfectly level and straight throughout and marked 
from one template. All holes are to be drilled and rimered out to the exact 
sizes given, and each bolt and rivet must be turned to gau^, and fitted into 
its place, a eood driving fit. When the frames and cylinders are bolted 
together, and oefore the boiler, wheels, and axles are put in their places, the 
accuracy of the work must be tested by diagonal, transverse, and longitudinal 
measurement. 

The frames are to be placed at a distance of 3 ft. 11^ ins. apart, and to be 
stayed at the leading end, in front of the driving-wheels and in front of the 
fireoox, by steel plates and angle irons, and by a cast-iron footplate at the 
trailing end ; the steel plate stays to he planed to the exact width required 
and securely rivetted to the frames by cold rivets. At the leading end a steel 
casting with suitable flanges is to be rivetted to the frames at bottom with ] in. 
rivets pitched zig-zag, and this casting is to be provided with a boss for carrying 
the bogie centre-pin. This boss to to accurately turned, and to be planed on 
the bottom side to suit the bogie cross-slide. This casting must be perfectly 
square with the frames. The driving-wheels are to be placed 1 ft. 5 ins. in 
front of the firebox. The driving and trailing axle-box guides to be provided 
with adjustable wedges having a tcmer of one in ten, as shown, guide and 
wedge to be of the very best cast steel, supplied by makers to be approved by 
the Kailway Company^ Locomotive Superintendent. The top and sides are 
to be in one piece, free from honeycomb and all other defects, and the flanges 
are to be planed all over and fitted to template ; they are to be fastened to the 
frame with bolts 1^ ins. in diameter, accurately turned and driven tight in the 
holes. The horn stays are to be attached to the guides as shown on drawing. 
The frames must be finished with a good smooth surface 1| ins. thick, and the 
axle-box guides must be free from cross-winding, and square with the engine 
in all directions. The rubbing plate on back end of frame for the intermediate 
buffer is to be of wrought-iron case-hardened. 

Bogrie. — The boffie is to be made of the form and to the dimensions shown 
on the drawing. The wheels are to be placed 7 ft. 6 ins. apart, centre to centre. 
The frame plates are to be of the same quality as those specified for the main 
frames, 1 in. thick, and placed 2 ft. 7| ins. apart. The axle-box guides are to 
be uf the very best cast steel, of approved make, free from honeycomb and all 
other defects. The flanges are to be planed all over and fitted to template. 
They are to be fixed to the frames by bolts I in. in diameter, accurately turned 
and driven tight into the holes. The frames are to be firmly secured to caat- 
steel stay with |-in. rivets, zig-zag pitch. Great care must be taken that the- 
frames when put together are perfectly parallel, and at ri^ht angles with the 
steel stay. The cast-steel cross-slide is to be planed on its rubbing surfaces^ 
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and bored out to receive the bogie pin. Blach side controlling spring is to be 
laminated, and is to consist of 16 plates 24 ins. wide and ^ in. thick. They 
are to be made of the very best quality of sprinff steel, manufactured from 
Swedish bar iron. Each spring must be thoroughly tested before being put 
into its place by being weighted with 2 tons, and on removal of this weight 
it must resume its original form. The top plate of each spring must be stamped 
with the maker's name and date of manufacture, and to he to the same speciti- 
cation as the driving and trailing sprines. The plates are to be properly fitted 
and tempered, and are to be prevented from shifting side or endways by nibs 
stamped upon them. The buckles are to be sound forgings, and are to fit the 

Springs accurately, and are to be well secured by a short wrought-iron pin 
riven while hot through a hole in the tox) of the buckle, and with a hole in 
the top plate. Through the centre of the castins forming the bogie pin a 
wrought-iron pin 3 ins. in diameter is to pass, fitted at the TOttom end with a 
nut and washer. The hole in the stav is to be elongated to allow for the 
lateral motion of the cross-slide. Each spring cradle is to be made of two 
Yorkshire iron plates 6 ins. deep, 1^ ins. thick, with oast-iron distance pieces 
rivetted between them at each end ; these cast-iron pieces are to rest on the 
saddles formed on the top of the axle-boxes. The springs are to be coupled to 
the beams by hooks as shown ; the pins through the hooks are to be of steel, 
and the eyes of the hooks are to be case-hardened. The brackets holding the 
spring are to be of Yorkshire iron, and are to be bolted to the frames with 
1 in. turned bolts driven in a tight fit. The whole of the work is to be of the 
best description, and the bogie, when finished, must be perfectly square and 
free from cross windings, and according to drawings. 

Motion Plate. — The motion plates to be of the very best cast steel of 
approved make, thoroughly annealed, to be j in. thick, planed and secured to 
the frames by | in. turned rivets, countersunk and rivetted cold. The motion 
plate to be properly faced for the attachment of the slide bars, and to be as 
shown on drawing. 

Footsteps and Handrails. — Footsteps and handrails are to be fixed on 
each side of the engine in the manner shown. The handrails to be carried 
round the front of tne smokebox, and to be 1^ ins. outside diameter. The 
handrail pillars are to be fixed to forged brackets, which are to be studded to 
the boiler as shown. The footsteps are to be roughed, and the handrails to 
be finished bright. 

Platform and Splashers.— The platforms are to be of mild steel plates 
i in. thick, secured to the frame, as shown on the drawing. The splashers 
are to be of mild-steel plate ^ in. thick, of the form and to the dimensions 
shown on drawing. The rivets to be { in. diameter, flush outside. Angle 
irons to be I4 ins. oy 1^ ins. by \ in. 

Cast-iron Footplate. — A cast- iron footplate is to be fitted between the 
frames at the trailms end, to be of good hard metal, free from all defects. 
The castinjg to be fixed to the frames by countersunk bolts 1 in. diameter ; to 
have suitable holes drilled to receive the draw and safety-link pins, as shown 
on drawing. 

Sand Boxes. — Two cast-iron dry sand boxes to be provided, one on each 
side, in front of the driving- wheels. They are to be so arranged that the 
valves can be worked together l)y suitable gearing fix»m the footplate ; the 
valves are to be circular. Sand pipes are also to be fixed as shown ; the sand 
to be led within 3 inches of the rails by wrought-iron pipes 1} ins. inside 
diameter. The general arrangement of sand boxes and gear, and the details 
of the valves and gear to be as shown on the di'awing». 
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BulTeP Plates. — The buff^^r plates are to be of steel, same quality as 
Bpedfied for the frame plates, 7 rib. 11 ins. long, 1 ft. 7| ins. deen, and 1| ins. 
tnick, and are to be nvetted to the stays and angle irons on tne inside and 
outside of frames, as shown on drawing. 

Buffers. — The buffers are to be of caat iron to the Companjr's pattern. The 
buffer sprines are to consist of India rubber, spiral, or volute springs, to the 
drawing, llie buffers are to be placed at a distance of 3 ft. 9 ins. apart, centre 
to centre, and at a height of 3 ft. 6 ins. from the rail level. 

Drag Hooks. Screw Couplings, and Side Chains.— The drag hook is 

to be furnished with India ruboer, spiral, or volute spring. The hooks, screw 
coupling, and side chains are to be of best iron, chain cable quality, and 
according to drawing. 

Driving and Trailing Wheel Centres.--The wheel centres to be of 

ffood sound cast steel of approved make, free from honeycomb and other 
aefects. One wheel centre out of 40 is to be tested to destruction under the 
following conditions : — 

The wheel centre is to be raised in a running position, and allowed to fall 
upon a solid foundation from the following heights : — 10 ft. , 15 ft. , 20 f t. , 25 ft. , 
30 ft. 

Should any wheel centre break at the two lower heights — viz., 10 ft. or 15 
ft. — and show defects on hard material, the Railway Company's Locomotive 
Superintendent or his Inspector shall have the power to reject the whole. 
The wheels to be inspected on the premised of the maker. 

Tensile test pieces are to be taken from the wheel centre to give a breaking 
strain of not less than 28 tons per square inch, with an elongation of not leas 
than 20 per cent, in 2 inches. A test piece is to be cast on each wheel 
centre of a suitable length 1 in. sauare, ana to stand a test of being bent cold 
through an angle of 90" without snowinff signs of fracture. Each wheel centre 
is also to be tested by beins allowed to fall in a running position a distance of 
4 ft. 6 ins. on to a wooden block without showing any signs of defect. 

All the wheel centres must be bored and turned, and have ke\'ways cut 
strictly to template, so that they shall be exactly alike, and each w-heel must 
be forced on the axle before tlie tyre is shrunk on by a hydraulic pressure of 
not less than 80 tons. The rims must be correctly turnecf to gauge to receive 
the tyres, and the whole wheel trimmed up so that the surfaces and lines are 
all fair and true. The wheel centres are to be turned to a diameter of 6 ft. 
7 ins. ; the rims are to be 4} ins. broad, 2f ins. thick at centre, to have 22 
spokes, 2^ ins. thick at the boss, and 4 ins. deep, and at the rims 1 J ins. thick 
by m ins. deep. The bosses are to be bored out, parallel, to a diameter of 9} 
ins., and are to be 1 ft. 5 ins. diameter. The cranKS for the coupling-rods are 
to be cast solid with the bosses, 13 ins. centres, and bored out, parallel, to a 
diameter of 5^ ins. to fit the coupling-rod crank-pins. The crank -pin holes are 
to be bored in a suitable quartering machine. The balance weights to be cast 
solid, and to be different for the driving and trailing wheels. Care to be taken 
that each wheel is cast with its proper balance weight. Grenerally the wheel 
centres must be as shown on the drawing. 

Bogrie Wheel Centres. — The bogie wheel centres are to be of good sound 
cast steel of approved make ; quality, manufacture, and tests same as specified 
for driving and trailing wheel centres. Each wheel centre to be turned to a 
diameter of 3 ft. 3} ins. The rims are to be 4| ins. broad, 2^ ins. thick at centre, 
to have 10 spokes 1^ ins. thick at the boss and 4 ins. deep, and at the rims If 
ins. thick and 3^ ins. deep. The bosses are to be borad out, parallel, to a 
diameter of 7 ins., and are to be 12 ins. diameter. The wheel centres must be 
bored and turned strictly to template, so that they shall be exactly alike. 
Each wheel centre must he forced on the axle by hydraulic pressure of not less 
than 60 tons. The wheel centres are to be fixed to the axles without keys. 
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TyF6S. — The tyres are to be of the best cast steel, and are to be tested at 
the works of the maker in the following wa^ : — 

Each tyre is to be guaranteed to stand without fracture the repeated falling 
of a 1-ton monkev from a clear height, first blow, 10 ft.; second, 15 ft.; 
third, 20 ft. ; foortn, 25 ft. ; fifth, 30 ft. ; and so on. Any tyre which cracks 
or breaks before it has deflected one-sixth of its external diameter is to be 
rejected. 

Test pieces are to be machined cold out of the tyre without reheating the 
steel or treating in any way beyond cold machining for tensile test. The 
minimum tensile strengtn to be 46 tons per square inch, and to have an exten- 
sion of not less than 15 per cent, in 2 ins. A suitable and sufficiently large 
piece is to be sent to the Company's works for testing in a similar manner. 

The contractor shall require the maker to provide at his own expense one 
additional tyre for every 50 ordered, to be selected from the bulk by this 
Company's Locomotive Superintendent or his Inspector, and to be tested in 
his presence by the maker in the manner before described. 

In the event of one tyre cracking or breaking, or failing to stand the test, 
the Company to have the power to reject the whole. 

The numtler of the charge is to be stamped on each tyre, and in the event of 
there being more than one charge in every 50 tyres, a tyre shall be selected 
from each charge and tested. 

The maker's name and date of manufacture is to be stamped on each tvre. 

All the tyres are to be 3 ins. thick, of the form shown on drawing, and to be 
secured to the wheels with a lip and steel set-screws H ins. diameter, 1 1 threads 
per inch. Each tyre to be lK)red to gauge before being shrunk on the wheel 
centre. Each tyre to be accurately turned so that the diameters and thickness 
shall be exactly similar. 

Axl6S. — All axles must be of the very best cast steel, and must be stamped 
with the maker's name and date of manufacture. Test pieces are to be made 
giving a tensile strength of not less than 28 tons and not more than 32 tons 
per square inch, with an donation of not less than 25 uer cent, in 2 inches ; 
a piece of suitable length, 1 J ms. square, is to be bent douole when cold unthout 
showing any sisns of uilure. 

The bogie axles to have centres of bearings 3 ft. 7 ins., 5 J ins. diameter, 10 
ins. long. The driving and trailing axles to have centres of bearings 3 ft. 
9f ins. , 8 ins. diameter, 9 ins. long. All axles to be as shown on draiirings. 

Drivillg and Trailing Axle-Boxes.— The driving and trailing axle-boxes 
to be as shown on drawing of the best gun-metal, and to have surfaces of anti- 
friction metal ; keeps to to of cast iron. The axle-boxes to have lubricating 
pads as shown. There is to be onlv one groove in the crown of the axle-boxes, 
with the lubricating holes leading into it. The axle-box bearings to be -iV in. 
shorter than the axle journal, to give clearance. The axle-boxes must have 
Vt in* Bide play on each of the guides. The axle-boxes must be made to gauge, 
and must oe duplicates of each other. 

BoglO Axl6-BoxeS* — The bogie axle-box to be of the best gun-metal ; 
keeps to be of cast iron, to have bearing surfaces and provision for lubrication, 
as shown on drawing. The axle-box bearings to be yV in. shorter than the 
axle journal, to give clearance. 

Driving and Trailing Springs.— The springs are to be made of the 
very best quality of spring steel, manufacturecf from Swedish bar iron. Five 
per cent, oi the bcurs to be tested at the works of the makers by the Railway 
Company's Locomotive Superintendent or his Inspector in the following 
manner : — A piece to be cut from each bar, 2 ft. 6 ins. long, heated and bent 
round to a radius equal to 80 times the thickness of the bar, then hardened 
and tempered. The camber to be taken after it has been pushed straight once 
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in the testing machine, after which the bar must be pushed straight six times 
MHthout showing any further permanent set. The tensile strength of the bars 
to be not less than 45 tons per square inch, with an elongation of not less than 
15 per cent, in 2 ins. Manufacture and brand to be approved by the Railwav 
Company's Locomotive Superintendent. The plates are to be truly fittecl, 
tempered, and stamped with the maker's name and date of manufacture. The 
plates to be prevented from shifting side or endways by nibs stamped upon 
them. Care must be taken that the nibs formed upon the plates fit the slots 
properly. The buckles are to be sound forgings, are to fit the springs accur- 
ately, and are to be well secured to them ; the buckles to be prevented from 
shifting on the springs by short wrouffht-iron pins, driven whue hot, through 
holes in the top and bottom of the bucKle, and into a hole in the top plate and 
a recess in the bottom plate, as shown on the drawing. The springs are to 
consist of 12 plates ^ in. thick and 5 ins. broad to a span of 4 ft., and to have 
adjustable hangers at the end and solid hangers in the centre. Each spring 
must be thoroughly tested before being put in its place, by being weighted 
with 11 tons, and on the removal of this weight the spring must resume its 
original form. 

Bogie SpFingS. — The material, workmanship, method of construction, and 
testing of the bogie springs must be the same as for the drivins and trailing 
springs. The bogie springs are to consist of 14 plates i in. thick 5 ins. broad 
to a span of 3 ft. 11} ins. 

Spring Gear. — A compensating beam to be attached to the driWiur and 
trailing springs, of wrought iron, forced as shown on the drawing, and ntted 
with a phosphor-bronze bush, pressed into its place by hydraulic power. It is 
to be carried In' a forged cross-shaft, which is to be carried by two forged or 
cast-steel brackets. The ends of the sprinss which do not engage with the 
compensating beam must be provided with suitable forged or cast-steel 
hangers. The whole of the spring gear to be forged in a sound manner, free 
from all defects whatsoever. The spring and compensating beam brackets to 
be attached to the frame by {-in. turned cold rivets of best Yorkshire iron, 
having a tensile breaking strength of not less than 22 tons per sq. in. with an 
extension of not less than 30 per cent, in 2 ins. 

Cylinders. — The cylinders are to be 19 ins. diameter when finished, with a 
stroke of 26 ins. The steam ports are to be 16 ins Ions and If ins. wide. The 
exhaust port is to be 16 ins. long and 3 ins. wide. The bars are to be 1| ins. 
wide. The cylinders are to be of close-grained, hard, strong cast iron ; they 
must be as hard as thev can be made to allow of their being properly fitted 
and finished, and must be perfectly free from honeycomb or any other defect 
of material or workmanship ; they must be truly bored out, the front end 
being bell-mouthed. All the joints, covers, and surfaces are to be planed or 
turned and scraped to a true surface, so that a perfect joint can be obtained. 
All studs are to be tightly screwed. The cylinders are to be made with Ioorc 
covers at both ends, proWsion beins made on the back cover for carrying the 
slide bar. They are to be set in a horizontal line, placed at a distance 
apart of 6 ft. 2^ ins. from centre to centre, with steam chest on side, as shown 
on drawing. The holes in the frames and flanges of the cylinders are to be 
carefully rimered. When the cylinders are correctly set to their places they 
are to oe firmly secured to the frames by turned bolts 1^ ins. in diameter, 
driven home to a tight fit. The cylinders are to be covered with lagging and 
clothing plates 14 standard W.G. thick. The front and back oylinaer covers 
are to be protected by clothing plates secured as Rhovrii. The cylinders, before 
being fixed in position, to be tested in the presence of the Railway Company's 
Locomotive Superintendent or his Inspector, by hydraulic pressure, to 200 Ids. 
per sq. in. Alt joints must be perfectly tight under this pressure ; the front 
and lick cylinder covers and cj'linders generally to be exactly to the drawing. 
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Pistons and PiSton-RodS. — The pistomi are to be made of cast iron free 
from honeycomb or any other defects, .to the form and dimensions shown on 
drawingf and are to he fitted accurately to the cone of the rods, and secured 
thereon bygun-metal nuts formed with collars, and taper steel pins through 
the nut. Tne piston head is to be an easy fit in the cylinder. The packing 
rings are to be three in number, of cast iron, | in. wide, \ in. thick, ana turned 
all over. The rings are to be turned larger than the diameter of the cylinders, 
then to be cut and sprung in to fit the bore in the cylinders, and are to l)e 
prevented from turning round in the piston by dowel pins fixed in the position 
shown. When finished, the whole must be an easy and accurate fit, so that 
the finished rod and piston can be moved readily backward and forward in the 
cylinder. The piston-rods are arranged to work through the hind cylinder 
covers, and to be 3 { ins. diameter, and are to be forged from the very best cast 
steel of approved make, with a breaking strength of 30 tons per square inch. 
They are to be truly fitted to the heaBs, and are to be tapered where they 
enter the cross-head, to which they are to be secured by cotters of mild 
Swedish steel. Full particulars of the various dimensions and tapers are to 
be obtained by reference to the full-sized drawings. 

Metallic Paokingf. — Both piston rods to be fitted with metallic packing. 
The hind cylinder cover is to be arranged, as sho^n on the detail drawing, to 
suit this packing. 

Slide Valves. — The slide valve is to be of the best bronze, to be made 
exactly as shown on the drawing, and with recesses in its working face. 

Valve Spindles. — The valve spindles and buckles are to be of best York- 
shire iron, and of the dimensions shown on drawing. The spindles are to lie 
guided by gun-metal slands and bushes through the steam chest ; the valve 
spindle is to be tapered where it enters the valve rod, and is to be secured by 
a cottar of mild Swedish steel. 

Slide Bars. — The slide bars (one to each cylinder) are to be of the very 
best Yorkshire iron, thoroughly case-hardened, 6 ins. by 3 ins. , of a manufac- 
ture and brand to be approved by the Railway Company's Locomotive 
Superintendent. They are to be attached with 1^-in. bolts to the back 
cylinder covers, which must be accurately fitted to receive them, and at the 
faiack ends they are to be attached with 1^ ins. diameter bolts to the motion 
plate ; a brass liner ^ in. thick is to be placed at each end between the bar 
and the carriers. Each bar is to have 15 lubricating recesses, placed zigzag, 
2 ins. diameter, on the top, with a j-in. hole in the recess leading to the bottom 
of the bar. Each bar to have a perfectly smooth, true, polished face all over 
the bearing surfaces. 

Cross-heads. — The slide-block rubbing pieces are to be of cast iron, of the 
same metal as the cylinders, and are to be well provided with means of lubrica- 
tion. The croesheads are to be of best Yorkshire iron or of the very best cast 
steel, free from honeycomb or any other defects. The gudgeon pins are to bo 
of best Yorkshire iron case-hardened, and are to be prevented from turning 
round in the cross-head by means of a key fitted in the outer jaw. The rubbinff 
pieces are to be securely fixed to the cross-head with ^ in. diameter bolts weU 
htted into the holes. Great care must be taken that the sleeve works freely 
on the bar. 

Valve Motion. — The valve motion is to be of the curved link type, and the 
expansion links are to be hung from the centre. The eccentric pulleys are to 
be in two parts, the smaller being of best Yorkshire iron, the larger of cylinder 
metal, and are to be fastened on the axle by means of keys and set screws, as 
shown. The eccentric straps are to be of good tough cast iron, free from 
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honeycomb or any other defect. The throw of the eccentrics to be 6 in. The 
eccentric oil cups are to be fitted with a button and spring. The eccentric 
rods are to be of the best Yorkshire iron, secured to the straps as shown. All 
the wrought-iron work is to be of the best Yorkshire iron, the working parts to 
be well and properly case-hardened and re-cleaned up, and must be of the 
very best finish, and free from all marks and defects. All pins are to be of 
the best Yorkshire iron, case-hardened, 2 ins. diameter, and made to standard 
gauges. The motion is to be reversed by a screw gear fixed on trailing splasher 
on right-hand side of engine. The valve-rods are to work through cast-iron 
guides bolted to the motion plate. 

The guides are to be bored out to fit the rods, and to be made of cylinder 
metal, and to be provided with a lubrioatine box as shown. The guides are to 
be heated to a high temperature and then dipped in oil. 

Reversing Shaft. — The reversing shaft to be forged from best Yorkshire 
iron. The levers are to be forged solid with the shaft, which is to l)e placed 
above the motion, and carried by a cast-iroa bracket with loose cap bolted to 
the frames with 1-in. bolts turned to gauge, and made a driving fit ; these 
brackets are to be made of cylinder metal, and bored out to 3^ ins. diameter 
to take the reversing shaft. The working parts of the shaft are to be properly 
oase-hardened. The reversing arm is to ^ on the outside of the bearing. The 
shaft to be mcule as shown on drawing, and to be a sound forging in every 
respect. 

Coniiectlll^-Rods. — The connecting-rods are to be of the best Y^'orkshire 
iron forced solid in one length, 6 ft. 8 ins. from centre to centre, and are to be 
fitted with adjustable brasses of gun-metal at big end ; the small ends are also 
to be fitted with gun-metal adjustable brasses. All bolts to be of best Y^ork- 
shire iron, and all cottars of mild steel ; the cottars are to be accurately fitted, 
and provided with set screws and cross cottars. The brasses at the big and 
small ends are to be lined with white metal. Oil cups are to be forged solid 
with the big end straps ; at the small end the lubrication is taken through the 
gudgeon pins. 

CoupllnSf-Rods. — The coupling-rods are to l)e forged from best Yorkshire 
iron, and machined out to form the H section ; the ends are to be accurately 
fitted with gun-metal bushes pressed into their places by hydraulic pressure, 
HO as to ensure a perfectly tight fit, and to be secured as shown ; the bushes to 
have five grooves, J in. wide and ^ in. deep, fitted with white metal. All oil 
cups for connecting-rods, coupling-rods, and eccentric straps to be provided 
with a button and spring, ana are to be duplicates. The rods must be made 
in every particular /is shown clearly on the detailed drawing. 

Crank Pins. — The crank pins are to be of the best Yorkshire iron, properly 
case-hardened on the wearing surface. The hole in the wheel is to be parallel 
as shown ; the pins are to be accurately fitted and pressed into the wheels, 
l)efore the tyre is shnmk on, by hydraulic power of not less than 30 tons, and 
rivetted over on the inside. Cottared washers are to be placed on the ends as 
shown on detail drawing. 

Steam Pipes. — The steam pipes in the smokebox to be of copper. No. 6 
8. W.Ct., and 4 ins. inside diameter, to have brazing metal flanges at both ends, 
properly brazed to the pipes and accurately faced, so as to secure steam-tight 
joints. Each steam pipe is to be led to the cylinder, and is to be secured to 
the same with studs and brass cover-ended nuts. 

Vortex Blast Pipe— The blast pipe to be Adams's patent Vortex, of the 
form and dimensions shown in the drawing, with an annular exhaust. The 
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blast pipe is to be secured to tbe cylinder with studs and brass oover-ended 
nuts. 

Brake. — The engines are to be fitted with a steam and an automatic brake ; 
if fitted with the vacuum brake the material is to be obtained from the 
Vacuum Brake Company ; it will consist of one combination ejector, one steam 
cock for ejector, one automatic steam-brake valve on left-hand side of engine, 
one vacuum gauge, one drip valve, one dummy, one of Clayton's hose and 
couplings for connecting main air pipe of engine to tender, one wroueht-iron 
pipe from ejector to smokebox passms through boiler on right-hand side of 
engine, one of Clayton's couplings for mnt of enmne main air pipe, with the 
necessary T pieces, elbow, and clips, and one ena pipe, with cast-iron bend 
for front of engine. The brake material, which will be supplied by the con- 
tractor, will be as follows : — One steam brake cylinder, with piston and rod 
complete ; one copper pipe 2 ins. inside diameter, No. 10 S. W.G., leading from 
the ejector to tne trailing end of the engine ; one copper pipe 1^ ins. mside 
diameter, No 10 S.W.G., leading from the steam cock on the boiler to the top 
of the ejector; two copper pipes f in. inside diameter, No. 14 S.W.(t., one 
from the automatic steam brake valve for supplying steam to the cylinders, 
the other leading to the ashpan ; one copper pipe A-ii^* bore, 16 standard 
W.G., leading from the union on the mam air pipe below the ejector to the 
steam brake valve; one copper pipe J-in. bore, 16 standard W.G., leading 
from steam brake valve to vacuum gauge ; one wrought-iron pipe 2 ins. inside 
diameter, No. 7 standard W.G., lee^ng from the smokebox tuoe plate to the 
bottom of the chimney, to have a hole f in. in diameter at the bottom of bend. 
The drivinff and trailing wheels are each to have one cast-iron brake block 
applied to tnem. The brake gear is to be pro%nded with adjustments made of 
the best hammered scrap iron, all the pms and working parts being case- 
hardened. The pins through all points of suspension of levers are to be 2 ins. 
in diameter, and to have brass bushes where snown ; the brake gear must be 
as shown on drawing. 

Injectors. — Two No. 8 gun-metal injectors, of approved make, with remov- 
able cones, are to be fixed one on each side of engine as shown, to deliver into 
clack -boxes placed at front end of boiler. The delivery pipes are to be of- 
copper 14 ins. inside diameter. No. 8 standard W.G. thick. The steam pipe 
is to be of copper IJ ins. inside diameter. No. 10 standard W.G. thick. The 
overflow pipes are to be of copper 1 in. inside diameter. No. 10 standard W.G. 
thick. Care must be taken tnat the pipes are so set tliat the flanees of all 
joints come fairly to their places without an^ spring upon them. The pipes 
are to be solid drawn and perfectlv uniform m length, and set so that any 
pipe will fit into its respective ptace on any engine equallv well. The in- 
jectors are to be fitted with a feed pipe arrangement as shown. The hose- 
pipes are to be connected to the injectors by a brass casting. 

Bolts and Nuts. — The bolts and nuts are to he made exactly to the lengths 
and sizes shown on drawing, and are to be Whitworth's standard. All are to 
be finished bright where not otherwise specified. All nuts are to be case- 
hardenecl. All nuts inside smokebox are to be of hard brass, with blank ends. 

ClOthiDflr. — The boiler and firebox are to be lined with felt and well seasoned 
pine in strips of not more than 2^ ins. "wide by f in. thick, tonffued, grooved, 
and painted with asbestos fireproof paint on both sides, the whole to be neatly 
covered with clean and smooth steel sheets. No. 14 standard W.G. thick, to 
be kept l^ ins. above the firebox, and carried parallel the whole length of the 
boiler, and fixed at the top b^ ancle-irons as shown, the steel sheets to be 
secured at the joints with hoop-iron bands 2\ ins. wide with tightening screws 
at the ends. The beading on front end of boiler to be of sheet brass to the 
shape shown on drawing, and finished to a perfectly clean and polished surface.. 
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The manhole casing is to be of charcoal iron, No. 14 standard W.(t. thick, 
and is to be fitted with a cast-iron shield for safety-valve columns. The dome 
casing is to be of charcoal iron, No. 14 standard W.G. thickness, brazed up 
solid and painted. 

Cab. — The sides and front are to be of best best Stafifordshire iron ^-g in. thick. 
The roof is to be of wood, tongued and grooved, and covered with oilcloth to 
this Company's pattern. The roof is to be supported by angle-irons and an 
iron strip as shown. A ledse is to be formed at each side to prevent water 
falling on the men. The cat) is to have two windows of best polished plate 
glass i in. thick, in brass frame, hinsed on the top and provided with fasten- 
ings as shown. The front edges of the cab and top of handrail plate are to be 
stiffened with ansle iron and beading, polished. A handrail finished bright is 
to be fixed on each side of the engine outside the cab. A cord communication 
to the whistle is to be provided on the outside of the cab on the right-hand 
fiide of engine, as shown. 

General Hountin^S. — Each engine is to 1)6 supplied with the following : — 
One Ramsbottom's duplex safety v^dve with cast-iron columns and brass valves 
and seats, the springs to be set so that when the eye-bolt is screwed down to 
the shoulder the steam shall blow off with a pressure of 175 \hs. per square 
inch on the boiler. One of Bourdon's pressure gauges 7 in« in diameter to 
indicate up to 200 lbs. pressure to this Company's pattern. Two water gauges 
<;omplete with flanges, with glass guard and with pipes leading to the ashpan. 
One large and one small whistle. Two steam cocks for the supply of the 
injectors to be fixed with the whistles to one seating on top of firebox. One 
blower cock placed on side of smokebox, worked by a wheel and screw valve 
from footplate on right-hand side of engine ; and a copper pipe is also to be led 
from blower-cock through the smokebox to the top of exhaust pipe, and one 
from the blower throush the tube plate to the dome. Two clack boxes, one 
on each side of the boilers. Two drain cocks to each cylinder, to be worked 
from the footplate as shown ; one lubricator fixed on each side of. smokebox 
with pipe leading to steam chest. One lubricator screwed into ee^h front 
oover of cylinder. One oil box and pipes led down to top of each piston-rod 
and valve spindle elands, and fixed as shown. One lubricating box is to be 
placed over the leading and driving axle-boxes, with pipes leading to the axle- 
boxes and guides. One watering cock attached to the injector delivery pipe 
on left-hand side of engine. One regulator (quadrant and stuffing box complete, 
finished bright. Four tapered plugs, one m each bottom comer of firebox, 
1| ins. in diameter, 12 threads per inch. Three filling tapered plugs on back 
of firebox, 1 J ins. diameter, 12 threads per inch. Four tapered wash-out plugs, 
two on each side of back of firebox above footplate. If ins. in diameter, 12 
threads per inch. Eight wash-out taper plugs in smokebox, 1{ ins. in diameter, 
12 threads per inch. One wash-out hole with covering plate on each side of 
firebox at bottom. One wash-out hole with covering plate in front and back 
of firebox. Two small tool boxes with padlocks and Keys, one box to be hung 
on each side of engine inside the cab. One water gauge lamp bracket, to this 
Company's pattern, fixed on the tray over fire door. Five lainp irons at front 
of engine, to this Company's pattern ; four to be fixed on front of smokebox, 
one on front of buffer plate. AH plu^ and mountings are to be of gim- metal, 
and must be of first-class finish. Pitch of threads for mountings is to be 12 
threads per inch, unless otherwise shown on drawing. The injector and 
whistle seatings and valves, blower cock, clack boxes, water gauges, cylinder, 
and steam chest lubricators are to be to this Company's pattern. 

Tools. — Each engine is to be supplied with the following tools : — One com- 
plete set of spanners, including two gland and two mud plug spanners ; one 
punch for tapered pins ; one large round drift for motion pins ; one flat drift 
for cottars ; one large monkey wrench ; one small monkey wrench ; one band 
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hammer ; one quarter hammer ; one pinch bar ; two chisels ; one pair of tongs ; 
one bunting bar; one traversing screw jack and ratchet, which must be exactly 
to the Company's pattern; one oil can, 16 lbs. ; one oil can, 8 lbs. ; one oil can, 
4 lbs. ; one tallow can ; one tallow feeder ; two oil feeders to pattern ; one 
pricker ; one rake ; one dart ; one coal pick ; one shovel ; three head lamps ; 
two water gauge lamps and one hand lamp are to be supplied to the Company's 
pattern. A sample set of fire irons will b« supplied by the Company. 

PalntinSf. — Before any paint is applied, the iron work must be cleaned and 
be free from scales and rust. The ooiler is to receive one coat of boiled oil 
while warm, and two coats of Torbay red oxide paint before bein^; lagged. 
The inside of clothing to receive one coat of red oxide. The outside of clothing 
plates, plates, wheels, the sides and front of cab, the sides of splashers to have 
one coat of lead colour, two coats of filling up, stopped with hard stopping, 
then rubbed down, followed by two coats of lead colour faced with pumice 
stone between, after which two coats of light green to pattern. The picking 
out and fine lining are to be to pattern panel, which will be supplied by the 
Company. The outside of frames, guara bars, tops of splashers, smokebox, 
chimney, back of firebox, ashpan, footplate, brake work, and side springs are 
to have one coat of lead colour paint and two coats of Japan black. The 
inside of frames and croes-stays to have one coat of Torbay red oxide and one 
coat of tan colour to pattern. Front of buffer plates ana buffer casing to be 
painted vermilion ; inside of cab to have one coat of lead colour, two coats of 
filling up, and two coats of tan colour to pattern. The axles are to have one 
coat of lead colour and one coat of Japan black. All the painting on the out- 
side of engine to have three coats of tne best engine copal varnish of the very 
beet quality, and flatted between the coats. 

Testingr* — ^^^ boiler must be tested before Iieing lagged with warm water 
to 262 Ibe. per square inch, or to one and one-half times tne working pressure ; 
to be tested in steam to 175 Ibe. per square inch, and to be thorougnly tight 
under each test. The boiler is to be tested in the presence of the Ilailway 
Company's Locomotive Superintendent or his Inspector. 

Quality, &e. — ^All the materials and workmanship are to be of the very 
beet description, and all the various parts are to be applied in the best and 
most approved manner. All the iron work is to be stamped with the Com- 
pany's initials. The Contractor will be reauired to make complete general 
and detail drawings of the eni^ines and tenders, and to supply the Company 
with two complete sets of cloth tracings of them free of charge. Great care 
must be taken that all parte of the engines are precisely of the dimensions 
shown, so that they may be duplicates of each other. One of the euKines and 
tenders is to be photographea at the contractor's expense, and twelve copiee 
are to be supplied to the Company. All the working parts of the machinerv 
are to be well case-hardened. The number of engine is to be figured in gift 
numbers on front buffer plates, and by solid brass number plates on the hand- 
rail plate on each side ol the ensine. Samples of the gilt numbers and drawing 
of the brass number plates willoe supplied by the Company. 
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n.— SPECIFICATION OF SIX WHEELS TENDER. 

Principal Dimensions— 

Ft. in. 

Diameter of wheels on tread, 3 9| 

Centre to centre of journals, 6 6 

Length of journals, 9 

Diameter of „ 5^ 

I>iameter of axle in wheel, 6} 

„ ,, at centre, ...... 6^ 

Wheel base, 13 

Length of frame, 19 94 

Total length of wheel base from centre of leading bogie 

wheels of enffine to centre of hind wheels of tender, . 45 3]^ 
Length over all, from buffers of engine to hind buffers 

of tender, ^ ^1 

Height of centre of b\iffers from rails, . . . . 3 5 

Tender Frame. — The frame, plates, cross stays, stretcher-plates, hind 
buffer-plates to be of steel, same quality and manufacture in every respect as 
specified for the engine main frames. 

Each frame is to be made of one plate } in. thick, and all holes are to be 
marked and drilled from one template. The axle-box guides are to be made 
of cast iron, planed, fitted, bolted to frame, and must be free from cross- 
winding and square with th*e frames in all directions. The horn-stays are 
each to consist of two 1} in. bolts, with cast-iron distance pieces accurately 
fitted between the horns. All the cross-stays are to be accurately fitted to 
the frames, and rivetted to them by | in. diameter rivets. The frames are to 
be accurately tested by longitudinal, transverse, and diagonal measurement, 
and must be perfectly paraUel to each other. The front buffing and draw 
beam is to be constructed as shown, and is to be provided with buffers fitted 
with volute springs to this compan3r'8 pattern. The draw-bar is to be forged 
in one, the hole at one end being punched. Wrouffht-iron steps are to be 
provided, roughed and fixed where shown. The hind bufiing and draw plate 
is to have a draw hook and bar, furnished with india-rubber, -spiral, or volute 
springs, two cast-iron buffers the same as specified for the eneine, two side 
chains and screw couplings, made of best chain cable iron, and to drawing. 
Two steel life guards are to be bolted to the frame, behind the hind wheels. 

Axle-Boxes. — The axle-boxes are to be made of cast iron, fitted with a 
wrought-iron top, and with the best gun-metal bearings lined with anti-friction 
metal, and to have cast-iron keeps pro\'ided with lubricating pads. The axle- 
box Vjearings to be ^ in. shorter than the axle-journal, to give clearance ; 
front and hind axle-boxes must have | in. side play, and the centre axle-box 
J in. side play on each side of the guides, as shown in drawing. 

Springes. — Tender springs to be of the same quality, workmanship, and 
manufacture as specified for the engine springs. Each spring to consist of 
16 plates ; one plate ^ in. thick, and 15 plates ^ in. thick, to a span of 4 ft. ; 
each spring to be provided with hangers at the ends and buckles in the centre, 
as shown. Each spring to be tested with a weight of 8 tons, and must resume 
its original form after testing. 

Wheel Centres. — The wheel centres to be of good sound cast steel of 
approved make, quality, and manufacture, and tests same as specified for 
engine. Each wheel centre to be turned to a diameter of' 3 ft. 3$ ins. ; the 
rims are to be 4| ins. broad, 2} ins. thick at the centre, to have 10 spokes 2| 
ins. thick at the boss and 4 ins. deep ; at the rims 1| in. thick and 3^ ins. 
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deep. The boeses are to be bored out, parallel, to a diameter of 6$ ina., and 
are to be 11| ins. diameter. All the centres must be bored and turned strictly 
to template, so that they shall be exactly alike, and each wheel centre must 

^ be forced on the axle by a hydraulic pressure of not less than 60 tons. The 

▼ wheel centres are to be fixed to the axles without keys. 

Tyres. — The tyres to be 3 ft. 9| ins. in diameter on tread, and in every 
other respect to be the same as the eneine tyres, both as regards section, 
quality of material, and workmanship. The same tests to be applied as for 
engine tyres. 

Axles. — Each axle to be made of the very best cast steel, quality and tests 
as specified for the ensine axles. Centres of journals to be 6 ft. 6 ins., diameter 
5^ ins., and length, ms.; other dimensions as shown on drawings. 

Tank. — The tank to be of form shown. The tank plates are to be of mild 
steel. Each side plate of the tank is to be in one, \ in. thick. The bottom 
plate of the tank to be f in. thick, jointed as shown, and to form the footplate 
of tender. The height of top of footplate from rail to be 4 ft. I ^ in. The end 
and front plates to be J in. thick. The top to be made of two plates ^ in. 
thick, jointed as shown. A stiffening plate { in. thick to be rivetted on the 
top of the tank at the front end. The tank to be thoroughly stayed by plates, 
angle and tee-irons, in the manner shown. The front plate is to be cut out to 
form a doorway for coaling, and is to be fitted with a door hinged from the 
bottom and secured at the top by suitable fastenings. Two wrought-iron tool 
boxes are to be provided at the front of the tank on the top at the back. All 
tool boxes to be fitted with false bottoms, perforated with small holes, and to 
be perfectly watertight at the top ; the tool boxes are to be provided with 
padlocks and keys The tank to be provided with a manhole or tank filler 
and lid 1 ft. 6 ms. diameter, to which is to be attached a suitable sieve as 
shown. The angle-irons throughout to be 2} ins. by 2} ins. by | in. The 
tank to be rivettra up with A -in. rivets, 1} in. pitch, countersunk outside, in 
the sides, and end of the tanK. The co|Hnff plt^ws which are attached to the 
sides and end of the tank to be finished with a wrought-iron half rountl mould- 
ing piece as shown. Tank and well to be made entirely independent of the 
frammg, and fixed as shown. A well to be fnvvided 13 ft. 3} ins. long, 3 ft. 
11 ins. oroad, and 1 ft. 6 ins. deep, of plates i in. thick, stayed and rivetted in 
the same way as the tank. One filling cock for bucket is to be fixed on right- 
hand side in front of tank as shown. A wash-out plug is to be fitted to the 
bottom of the well. 

One handrail is to be fixed on each side of the back of the tank, and is to be 
finished bright ; four lamp irons to the Company's pattern are to be fixed on 
the back of the tank, and one lamp iron on each side of the tank as shown. 

Sand Boxes. — Two cast-iron dry sand boxes with circular valves are to be 
fixed in front of the tender. Sand pipes are also to be fixed as shown, the 
sand to be led within 3 ins. of the rails by wrought-iron pipes I4 in. inside 
diameter. The general arrangement of sand boxes and gear are shown on 
drawing. 

Feed Pipes and Ck>CkS. — ^Two feed cocks to the Company's pattern to be 
fixed at the bottom of the well as shown ; two copper pipes, 2 ins. bore 8 
8. W.G., to connect the feed cocks with the gun-metal stuffing boxes as shown. 
Strong hose pipes to be provided, clipped at the tender end to the stuffing 
boxes, and at the engine end to the feed castings. The copper pipes to be 
fixed by suitable dips ; the whole arrangement to be as shown. 

Steam Brake* — A steam and hand brake combined is to be fixed on the 
tender as shown ; the cylinder, 10 ins. diameter, is to be provided with means 

27 
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of lubrication ; the brake acrew, which is to be left-handed, is to work in a 
cast-iron column bolted to the foot plate at the front end of the tender,-«nd 
the front pulling rod is to foe providea with adjustment as shown. Each wheel 
is to have one cast-iron brase block applied to it. The brake gear is to be 
made of the very best hammered scrap iron, all the pins and working parts 
being of wrought iron case-hardened ; all pins to be to drawing, and to nave 
brass bushes when shown. The steajn is to be led from the engine to the 
cylinder with a connection as shown. The brake material — if fitted with the 
vacuum brake — is to be obtained from the Vacuum Brake Company, and to 
consist for each tender of one main air pipe with the necessary I -pieoes, 
elbows an4 clips, one of Cla3rton's hose and couplings for the front of tender, 
one of ClajTton s hose and couplings for back of tender, one end-pipe with cast- 
iron bend, one dummy, one oirt recipient. The brake, cylinder, piston, and 
rod complete are to be supplied by the contractor. The brake gear generally 
to be as shown on drawing. 

PaintinfiT. — Before any paint is applied the iron work must be clean and 
free from scale or rust. The inside of the tank is to have two good coats of 
thick red-lead paint, the outside being prepared and finished in a similar 
manner to the engine. The top and bottom of the tank, foot plate, and brake 
work are to have one coat of lead-colour paint, and one coat oi Japan blade. 

The gilt numbera are to be put on the tender buflEer plate, and letters on 
sides according to instructions and samples which will be supplied, and all the 
iron work is to be stamped with the Company's initials. 
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"Achilles" class of engines, 42. 
Adams' bogie, 184. 

,, outside-cylinder engines, 30. 
,, vortex buLst pipe, S2, 412. 
Adhesion, 3, 27, 73. 82. 

,, mountain locomotives, 365, 
369. 
** Agenoria," 7 

Air supply for liquid fuel, 235. 
Air exhausting for brakes, 235. 
Air pipes for compressors, 275. 
Air pressure for Westinghouse brake, 

275. 
Allan and outside cylinders, 10. 
„ and the " Velocipede," 22. 
„ valve, 167, 332. 
Allan's valve gear, 157. 
America, Forms of firebox used in, 203, 
211, 340. 
„ Use of steel for boilers in, 
201. 
American bar-frame, 14, ISO, 332. 
bogie, 186. 
locomotives, Early, 16. 

,, Mo(&m, 314. 

practice in regard to staying 

boilers, 212, 215. 
practice theoutcomeof work- 
ing conditions, 314. 
railways. Gauge of, 316. 
steel mreboxes, 209. 
tenders, 256, 344. 
Angle of advance, 146. 

„ pre-admission, 146. 
Appleby's variable vortex blast, 233. 
Arch, Furnace, 233, 340. 
Ashpan, 227, 405. 
Aspinall's engines, 44. 

water ** pick-up," 253. 
" Atlantic" type of locomotives, 322. 
" Atlas," 15. 
Automatic brakes, 257, 261. 

„ re-starting injectors, 246. 
Axle-boxes, 131, 183, 334, 374, 400, 
416. 
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Axle-boxes, Lubricating, 132, 281, 
334. 
Radial, 100. 
Axle-box guides, 133, 405. 
Axles, Crank, 54, 65, 67, 125. 
Failure of, on roskd, 388. 
Life of, 306. 
Straight, 124, 409, 417. 
Axle-trucks, 183. 

B 

Back plate. Staying, 21 1 . 

Back - pressure reduoed by variable 

blast, 2.30. 
Baden State Railway, Engines on, 

360. 
Baffle or deflector, 233, 342. 
Balance-sheets of engine trials, 304- 

313. 
Balance weights, 8, 136, 337. 
BaUnced slide valves, 168, 331. 
Balancing locomotives, 136. 
Baldry, centre for radial axle-box, 

102. 
Baldwin engines, Grate area in, 194, 

318, 310, 321. 
Baldwin locomotives, 68, 318, 310, 

321. 
Baldwin's first engine, 18. 
Bar-frame, 14, 180, 332. 
Barrel of boiler, 203. 

„ „ Strength of, 206. 

Bearing springs, see Springs. 
Beattie^s t>alanced valve, 170. 
Belgian locomotive types, 362. 
Bclpaire type of firebox, 108, 203, 207, 

217. 
•* Best Friend," 16. 
Birmingham and Gloucester Railway, 

Enffines for, 10. 
BisseU trucks, 51, 186. 
Blackett and Hedley, 4. 
••Black Prince." 62. 
Blast pipe, 7, 227, 381, 412. 

„ „ Vacuum produced by, 228, 
202-204, 207, 208. 
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Blenkinsop's rack locomotive, 4. 
Block piston, 107. 
Blower, Steam, 233. 
Blow-off cocks, 237. 
Bogie engine, The first, 18. 
„ engines, Foreign, see Locomo- 
tive type8f Modem. 
Bogie express engines. Modem 
British — 
Caledonian Railway, 36. 
Glasgow and South-Westem Rail- 
way, 37. 
Great Northern Railway, 40. 
Great Western Railway, 42. 
Highland Railway, 43. 
Lancashire and Yorkshire Rail- 
way, 44. 
London, Chatham and Dover Rail- 
way, 47. 
London and South-Westem Rail- 
way, 30. 
Midland Railway, 62. 
North-Eastem Kailway, 65. 
South-Eastern Railway, 55. 
Bogie goods en^nes, 44. 

,, tank engines, 35, 48, 51, 56. 
„ wheels, 408. 
Bogies, 183, 344, 376, 406. 
Bouer, Attachment of, to frame, 182. 
„ barrel, 203, 402. 
y, „ Strength of, 206* 

„ efficiency, 304-313. 
,, Flamant construction of, 224, 

351. 
„ plate. Specification of, 202, 

402. 
„ mountings, 237, 380, 414. 
,, Polonceau construction of, 351, 
353. 
power. Elements of, 20. 
pressure, see Steam presnire, 

Boiler. 
tube jomts, 221,342. 
tubes. Arrangement of, 109. 
,, Specification of, 222, 
404. 
with two barrels, 224. 
Boilers, Cleading, 224. 

Forms of rivetted joints in, 

197. 
General construction and 
design of, 193. 
„ grate area, 194. 
„ Life of, 396. 
„ Safe working load in. 207. 
I, staying back and tube plates, 
211. 
Testing, 223, 415. 
Use of de-incrustants in, 377. 
Use of steel for, 200. 
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Boilers, Usual diameter of, in British 

Sractice, 203. 
ts, 100, 413. 
Borck's firebox, 380. 
" Boxers," 15. 

Beyer's speed indicator, 299. 
Brake cylinders, 266, 271. 
pressure, 257. 



»» 






,, rigging, Strains on, 257. 
Biukes, Gaunter-pressure, 367, 384. 
„ Method of working, 263, 273, 
275. 
on rack locomotives, 367. 
on tender, 252, 417. 
„ Skidding, 258. 
„ Specification of, 413. 
„ Vacuum automatic, 263. 

Wen^r, 384. 
,, Westinghouse, 268. 
Breakdowns on road, 388. 
Brick arch, 233, 340. 
Brienz and Rothom rack railway, 

Enffines on, 367. 
Broad sauge, 19. 
Brooks , bogie engine, Early, 18. 

, , locomotives, Modem, 3 1 8, 319. 
Brunei and broad gauge, 20. 

„ the " Great Bntain," 20. 
Brunton's idea, 4. 
Buckles for plate-spring, 134, 410. 

„ for slide valves, 166. 
Buffers, 182, 408. 

„ Roy's obUque, 383. 
Bur^', Curtis & Kennedy, Enginea 

built by, 23. 
Bur^^'s locomotives, 1.% 18. 
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Cabs, 66, 414. 

Caledonian Railway, boilers, 203. 

,, Express engines. 

used on, 36. 
„ Outside • cylinder 
enfi;ine8 used on, 
30. 
„ ,, roof stays, 215. 

Canada, see America. 
Carriages, Locomotive, 1. 
Cast-iron wheel-centres, 122, 337. 
Centre of ciurvature of expansion link, 
150. 
,, of gravity, see Height o/cenlre. 

of gravity, 
„ of reversing shaft, 156. 
Centres of link-motion, 150. 

,, for radial axle-lx>xes, 192, 
Chapman's haulage engine, 4. 
Chatelier arrangement, 385. 
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OhiUed wheels, 337. 

Chimneys, 227, 343, 381, 405. 

Clark's formula for train resistance, 15, 

Cleading for boilers, 224, 413. 

Clearance, 97. 

Oothing, 224, 413. 

Coal, see Fuel. 

Cocks, Cylinder, 104. 

'* Columbia" t^pe of locomotive, 322. 

Combination ejector for vacuum brake, 

265. 
Combustion chamber, 61. 
Compensating beams, 1 35. 
Compound engines. Tractive effort of, 
81. 
„ locomotives, 57, 96, 321, 
322, 355, 359, 360, 361, 
365, 369. 
Compounding, Gain from, 70, 323. 
Compressed air brakes, 259, 268, 384. 
Conditions as affecting practice, 315, 

349. 
Conical connection or wagon top fire- 
box, 203, 318. 
„ piston, 107. 
Connecting-rods, 115, 412. 

Failure of, on road, 

389, 
Forms of, 117, 118. 
.Lubricating, 285. 
Strains on, 115. 
Consolidation type of engine, 320. 
Continental practice. Distinctive con- 
ditions in, 349. 
,, railways. Gauge of, 350. 

Continuous brakes, 257, 261, 384. 
Cooke Locomotive Company, Engines 

built by, 318, 320. . 
Copper for fireboxes, 208, 403. 
Corliss locomotives, 371. 
"Cornwall," 22. 

Cost of repairs and renewals, 398. 
Counter-pressure brake, 367, 384. 
Coupled engines, Balancing, 139. 
Coupling-rods, 115, 118, 412. 

Failure of, on road, 389. 
Forms of, 120. 
Lubricating, 285 
Strains on, 119. 
Couplings, Engine and tender, 383, 

408. 
" Courier," 23. 
Crampton's ensines, 21. 
„ firebox, 203. 
Crank-axles, 54, 65, 67, 1^5. 
„ pins. Wheel, 129, 412. 
,, webs, 126. 
Cranks, Built up, for locomotives, 126. 
Craven, see Gresham and Craven, 
Crossheads, 110, 114, 327, 411. 



Cugnot's euKines, 1. 

Curvature of expansion links, 150. 

Curves, Effect of^ on train resistance, 

78. 
Cut-off, 146, 153, 154, 156, 291, 294, 

296,298. 
" Cyclopede," 11. 

Cylmder capacity and grate area, 194. 
„ cocks, 104» 
„ covers, 99. 
,, dimensions. Calculation of, 

84. 
„ lubricators, 277. 
CyUnders, 91, 324, 410. 

Brake, 266, 271. 

for compound locomotives, 

96,326. 
Jacketing, 99. 
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Dacr^s engines, 51. 
Daily return. Driver's, 388. 
Dampers, 227. 

Davies and Metcalfe's exhaust injec- 
tors, 248. 
Dean's engines, 42. 
Decapod en^es, 320. 
Defects, Driver's report of, 390. 
Deflectors in furnace, 233, 342. 
De-incrustants, Use of, in boilers, 377. 
Designing link-motion, 154. 
Dewrance's injectors, 245. 
** Diamond stack," 343. 
Dimensions of cylinders. Calculation 

of, 84. 
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I Displacement lubricators, 103, 279. 
Distribution, 146. 
District Railway, Engines on, 51. 
Domes, see Steam domes. 
Doors, Firehole, 234, 403. 
Double-bogie locomotives, 365. 
„ plate chilled wheels, 337. 
,, seat regulator, 241. 
Drain cocks, 104. 
Draw-bars, hooks, and chains, 180, 

408. 
" Dreadnought," 60. 
Driver's brake handle, 260. 
„ ,, valve, 270. 

,, duties, 386. 
Driving-wheel tyres. Securing, 130. 
Driving-wheels, 122, 337, 406. 

„ ten feet in diameter, 

20. 
Drummond's four-cylinder engines, 34. 
Dublin and Kingstown Railway, En- 
gines on, 15. 
\ *' Dunalastair " class of engines, 36. 
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Eastern Counties Railway, 19. 

,, Railway of France, Engines 
on, 350, .355. 
Eccentric-rods, 174. 

„ sheaves and straps, 174, o29. 
Eccentrics, Lubricating, 285. 
Efficiency, Engine and boiler, 304-313. 
Eight -coupled engines, 50, 62, 320, 

a53 361. 
" Eight-wheel " engine, 316. 
Ejector for vacuum brake, 265. 
Ejectors, Sand, 251. 
Engine brake cylinder, 266. 
„ efficiency, 304-313. 
,, power. Elements of, 29. 
" Enrfand," 19. 
Equalising levers, 135, 334. 
Erector's report of repairs, 394. 
European practice in regard to staying 

boilers, 212, 216. 
Evaporation, 47, 291, 293, 294, 297, 

298. 
Examination of engine by drivers, 390. 
Exhaust or release, 146-153. 
„ injectors, 248. 
,, pipe in smokebox, 225. 
Expansion ratio. Mean pressure as de- 
pendent on, 83, 90. 
,, allowed for in calcu- 
lation, 85. 
link, 150, 153, 157, 172, 
329. 
*• Experiment," 15, 60. 
Express passenger engine. Develop- 
ment of, 19. 
Express passenger engine. Foreign, 

see Locomotiit types. 
Express passenger engine. Full speci- 

hcation of, 40l. 
Express passenger engines, Modem 
British — 
Caledonian Railway, 2)6. 
Glasgow and South- Western Rail- 
way, 37. 
Great Eastern Railway, 37. 
Great Northern Railway, 40. 
Great Southern and Western Rail- 
way (Ireland), 41. 
Great Western Railway, 42. 
Highland Railway, 44. 
Lancashire and lorkshire Rail- 
way, 44. 
London, Brighton, and South Coast 

Railway, 46. 
London, Chatham, and Dover Rail- 
way, 47. 
London and North-Western Rail- 
way, 48, 60. 
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London and South-Westem Rail- 
way, 30. 
Manchester, Sheffield and Lincoln* 

shire Railway, 51. 
Midland Railway", 52. 
North-Eastem Railway, 53, 65. 
South-Eastem Railwa3% 55. 
Extension smokebox, 343, 351. 



Failfrks on road, 388. 
Feed pipes and cocks, 417. 
Feed-water, Measuring, 299. 
Finffer grate, 342. 

Firebars and carriers, 233, 342, 405. 
Firebox, Belpaire t^-pe of, 198,1203, 
207, 217; 
Borck's, 380. 

Copper plates for, 206, 403. 
Crampton, 203. 
„ Internal, 207, 403. 

Polonceau's construction of, 

351, 379. 
roof stays, 215. 
shell, Outside, 203, 402. 
sUys, 2)2, 404. 
Strongs forms of, 211. 
Tenbnnk water -bridge in, 

351, 377. 
Wagon top, 203, 318. 
„ Water tubes in, 34, 340. 
„ Wootten type of, 340. 
Firehole doors, 234, 403. 
Fireman's duties, 386. 
Firing locomotives, 387. 
Flamant boiler, 224, 351 , 378. 
Flue area, 338, 
Footplate. 180, 407. 
Footsteps, 407« 

Forms of record and report used in 
locomotive department, 388, 391, 
394 a96. 
Forrester & Co.'s ** Boxers," 15. 
Foster & Rastrick, Engines built by, 

8, 16. 
Foundation ring, 194, 405. 
Four-coupled engines. Modem — 
American, 316, 322. 
Belgian, 362. 
British, 30, 33-38, 41-49, 51, 53, 

55, 56, 62, 65. 
French, 350, 355. 
German, 359. 
Itolian, 303. 
Four-cylinder compound engines, 62, 

68, 321, 355, 361, 365, 367, 369. 
Four-cylinder engines, simple, 34, 37, 

50, 89, 369. 
Fowler's engines, 51 . 
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Fox's system applied to firebox roof, 

217, 379. 
Frame, Attachment of boiler to, 182. 
Frames, 178, 406. 

„ Bar, 14, 180, 332. 
„ Tender, 252. 344, 416. 
France, Forms of firebox used in, 203. 
„ Forms of firebox roof used in, 

217. 
, , Use of steel and iron for boilers 

in, 201. 
„ Steel fireboxes used in, 209. 
Freight ensinee, see Ooods enginen, 
French boiler with two barrels, 224, 378. 

,, types of locomotives, 350. 
Front-extension smokebox, 343, 381. 
Fuel, Comparison of solid and liquid, 
23tt. 
,, consumption, 47, 52, 06, 291, 

293. 294, 297, 298, 366, 374. 
„ liquid. Mode of using, 234. 
**FuU gear," 160. 

G 

Gab reversing gear, 148. 
Gauge, Loading, 193, 316. 

„ of railways, 19, 316, 360. 
Gauges, Water, 237. 
German types of locomotives, 369. 
Gifiard's injector, 244. 
Glands, 101. 

" Gladstone " class of engines, 46. 
Glasgow and South-Western Railway, 

Engines on, 37, 47. 
" Goliath," 14. 

Gooch and large driving-wheels, 19. 
„ the " Great Britain," 20. 
,, Exx>eriment8 on train resistance 
by, 75. 
Gooch's valve gear, 167. 
Goods engines. Forerunner of British 

Standard, 16. 
,, „ Modem British, 39, 

41, 44, 46, 47, 60, 
66, 62, 66. 
,, „ Modem foreign, 319, 

361. 
Gradients on railways — 

Brienz and Kothom Rack Railway, 

367. 
Caledonian Railway, 36, 38. 
Great Western Railway, 4*2. 
Highland Railway, 43. 
Lancashire and Yorkshire Rail- 
way, 44, 48. 
London and South-Western Rail- 
way, 291, 294, 296, 298. 
Mediterranean Railway of Italy, 
364. 



North London Railway, 54. 
Paris and Orleans Railway, 353** 
St. Gothard Railway, 365. 
Gradients, Resistance due to, 73, 77, 

89. 
Grand Junction Railway, Engines on, 

15. 
,, „ opened, 19. 

Grate area, 88, 194. 

,, ,, in American locomotives, 
318, 319, 320, 321, 338. 
„ „ in Belgian locomotives, 
349, 362. 
Grates. Rocking, 342. 
Gravity, Resistance due to, 73, 77, 89. 
Grease- trap for exhaust injectors, 251. 
" Great Britain," 20. 
Great Eastern Railway — 
Bissell track, 186. 
Boilers, 203. 
Crank-axles, 126. 
Cylinders, 94. 
Engines on, 37. 
Grate area, 194. 
Radial axle-boxes, 190. 
Roof stays, 216. 
Smokebox front, 225. 
Staying boilers, 21 1. 
Steel fireboxes, 209. 
Tenders on, 254, 256. 
Use of liquid fuel, 234. 
"Greater Britain," 61. 
Great Northem Railway, Engines on, 

30, 40, 47. 
Great Northern Railway, Grate area 

on, 194. 
Great North of Scotland Railway, 

Outside cylinder ensines on, 30. 
Great Southem and W estem Railway 

of Ireland, Engines on, 41. 
Great Southem and Western Railway 

of Ireland, Steel fireboxes on, 209. 
Great Western Railway, First engines 

for, 20. 
Great Western Railway, engines on, 

Modem, 42. 
Great Western Railway, Tenders on, 

254. 
Gresham and Craven's automatic injec- 
tor. 24a 
Gresham*s combination injectors, 245. 
sand ejector, 261. 
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Hack worth's valve gear, 161. 

•• Royal George," 7 

"Sanspareil.'^S. 
Hand-brakes, 269. 
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Hand -brakes on tenders, 252. 
Handrails, 251, 407. 
Hansers, Bearinff-spring, 135, 337. 
Haroing's formum for train resistance, 

75. 
Hatilage engine, Chapman's, 4. 
Heating sunace, 73, 87. 

„ ,, in American locomo- 

tives, 318, 319, 320, 
321 338. 
Hedley's "Puffing Billv," 4. 
Heilmann locomotive, 358. 
Height of centre of gravity in American 

locomotives, 347. 
Height of centre of gravity, McConnel's 

\new, 24. 
Henry's experiments on boiler tubes, 

378. 
Hensinger^s valve gear, S60, 371. 
Highland Railway, Engines on, 80, 43. 

,, ,, Tenders on, 255. 

Holden's engines, 37. 

,, liquid fuel fittings, 234. 
Hooping cranks, 126. 
Homblocks, 133. 33'i. 
Homstays, 134, 33*2. 
Horse-power of locomotives, 291, 293, 

294, 296, 298, 359. 
Hose couplings for train pipe, 268. 
Howe, inventor of link-motion, 160. 
"Hurricane," 20. 
Hydraulic testing of boilers, 223. 
ri vetting, 219. 



London and South-Western Rail- 
way, 34. 

Metropolitan Railway, 51. 

Midland Railway. 52. 

North-Eastern Railway, 53, 65-67. 

South-Eastem Railway, 55, 56. 
Inside cylinders, 91, 96. 
Inside rer^ma outside cylinders, 2S, 94. 
Inspection and repairs, 390. 
Intercepting valves, 58, 63. 
Intermediate valve spindles, 170. 
Internal firebox, 207. 
Iron boiler plate, 202. 
" Iron Duke," 60 
Italian locomotive types, 363. 
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Injectors, Action of, 244. 

Automatic re-starting, 246. 
Liquid fuel, 235. 
Pipes for, 246, 413. 
Working, 246. 
Inside-cylinder engines. Continental, 

350, 354, 
355,362. 
,, Balancing, 137. 
„ Early, 14. 
,, Frames for, 179. 
Inside - cylinder engines. Modem 
British — 
Caledonian Railway, 36 
Great Eastern Railway, 38-40. 
Great Southern and Western Rail- 
way (Ireland), 41. 
Great Western Railway, 42. 
Lancashire and Yorkshire Rail- 
way, 44, 45. 
London, Brighton, and South 

Coast Railway, 46, 
London, Chatham, and Dover 
Railway, 47. - 



Jacketing cylinders, 99. 
"John Bull, '^ 16. 
Johnson's engines, 52. 
Joints employed in boilers, Forms of, 
197, 205. 
,, of boiler tubes, 221, 342. 
Jones' engines, 43. 
Joy's valve gear, 161. 



K 

KiLUNcwoRTH engine, 7. 
Kirtley's engines, 47. 



** Lady of the Lake," 25, 49. 
Laminated bearing springs, 8, 134. 
Lancashire and Yorkshire Railway — 

Cylinders, 94. 

Engines on, 44. 

Staying boilers, 211. 

Tenders on, 253. 
Lap, 146. 

Lead, 146, 153, 156, 157, 161. 
Leaky tubes, Stoppin^^, on road, 338. 
Leicester and Swannington Railway, 

Goods engine on, 16. 
Life of boiler, wheels, and axles, 396. 
Lighting up, 386. 

Lindner system of compounding, 68. 
Link-motion, 150. 

Links, Expansion, 150, 153, 157, 172. 
Liquid fuel engines, %. 
,, „ fittings, 234. 
„ ,, tenders, 254. 
•» Liverpool," 2S, 

Liverpool and Manchester Railvray, 
engines for, 14, 15. 
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Loading £&uge, 193. 

Loads ana cylinder dimensions, 8o. 

hanlea by American locomotives, 
922. 
by Ck)ntinental locomo- 
tives, 364, 365, 367, 
369. 
by modem British loco- 
motives, 30, 33, 36, 
44, 46, 55, 66, 67, 
289, 292, 294, 296, 
 298. 

histori'cal,4,7, 11, 14,24. 
Locke and outside cylinders, 19. 
Locomotive carriages, 1. 

department, Forms of re- 
cord and report used in, 
388, 391, 394, 396. 
Full specification of, 401. 
Locomotives, Ck)mparative table of. 

Appendix B. 
Early American, 16. 

„ railway, 3. 
Express, seeExprMapcu- 

netiger engines. 
Taking over, from shops, 
386. 

Locomotive types. Modem — 
American, 316. 
Belgian, 362. 
British, 30. 
Compound, 57. 
CorUss, 371. 
French, 350. 
German, 359. 
Italian, .%3. 
Rack, 367 
Swiss, 365. 
London and Birmingham Railway, 1 8. 
„ Brighton, and South Coast 
Railway — 
Cylinders, 94. 
Engines, 46. 
Roof stays, 215. 
Stayins boilers, 212. 
London, Chatham, and Dover Rail- 
way-- 
Enffines, 47. 
Boilers, 205. 
Tenders, 252. . 
London and North-Westem Railway — 
Early engines, 21, 30. 
Firebars, 211. 
Modem engines, 48, 60. 
Radial axle-boxes, 190. 
Roof stays, 215. 
Stayins boilers, 211, 212. 
Steel fireboxes, 209. 
Tenders, 254. 
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London and South- Western Railway — 
Balance valve, 170. 
Bogie, 184. 
BoUers, 203. 
Cylinders, 94. 
Engines, 30, 47. 
Grate area, 194. 
Gradients, 291, 294, 296, 298. 
Intermediate valve spindles, 170. 
Link-motion, 150. 
Opened, 19. 
Riadial axle boxes, 190. 
Roof stays, 215. 
Smokebox front, 225. 
Staying boilers, 21 1. 
Trials of locomotives on, 288. 
Lubricating axle boxes, 132, 281. 

connecting-rods, 285. 

Consumption of oil for ,285. 

ooupling-rods, 235. 

crossheads and slide bars, 
112, 283. 

eccentrics, 285. 

piston-rods, 281. 

valve spindles, 281. 
Lubricator for valve spindles, 103. 
Lubricators, Cylinder, 277. 
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Macallan's variable blast pipe, 229. 
Machine rivetting, 219. 
Main frames, see Fra7nes. 
Maintenance, Cost of, 398. 
Mallet's compound locomotives, 58. 

, , double-boffie locomotives, 365. 
Manchester, Sheffield, and Lincoln- 

sliire Railway, Engines on, 51. 
Mansell's tyre fastening, i 30. 
Manson's four-cylinder engine, 37. 
" Mastodon " type of locomotive, 320. 
McConners '* Bloomer" engine, 24. 

„ tank engine, 19. 
Mean effective pressure, 83, 90. 
Mediterranean Railway of Italy, 

Enffines on, 361. 
Mertnyr Tydvil Railway, 3. 
Metallic packing, 101, 326, 411. 
Metcalfe, see Davits and Metcalje. 
Metropolitan District Railway, Engines 

on, 51. 
Metropolitan Railway, Engines on, 51. 
Midland Railway, Engines on, 52. 
,, Roof stays, 215. 

,, Piston valves, 170. 

Mileage of boilers, wheels, and axles, 

.396. 
Mcintosh's engines, 36, 92. 
Mixed traffic engines, 34, 38. 
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Model for designing link-motion, 154. 
Mosul type of locomotive, 318. 
Mohawk and Hudson Railway, Engines 

for, 16. 
Motion plate, 179, 407. 
Mountain locomotives, Swiss, 363. 
Mud plugs, 237. 
Multitubular boiler first applied to 

locomotive, 11. 
Murdoch's steam carriage, 2. 
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Newcastle and Carlisle Railway, 

Enffines on, 15. 
New York Central Railway, Engines 

on, 318. 
Nicholson's compound locomotive, 57. 
Norris* engines, 19. 
North-Eastem Railway — 
Boilers, 203. 
Cylinders, 94. 
Crank-axles, 126. 
Engines, 53, 65. 
Grate area, 194. 
Piston valves, 170. 
Radial axle-boxes, 190. 
Roof stavs, 215. 
Staying ooilers, 211. 
Northern Rsiilway of France, engines, 

356. 
North London Railway, engines, 30, 

54. 
,, ,, steel fireboxes, 

209. 
«• North Star," 19. 
** Novelty," 8. 
Nuts, 101, 413. 



Oil, Consumption of, for lubricating, 

285. 
Oil-boxes and pipes, 281. 
Oldest railway company, 3. 
" Old Ironsides," 18. 
Open or bar frame, 14, 180, 332. 
Ontside-c3'linder engines, 30, 40, 43,51, 

54. 316, 350, 
359,360,363. 
,, Balancing, 141. 
„ Early, 14. 
, , Frames for, 1 80. 
Outside I'ersits inside cylinders, 29, 94. 
Outside cylinders, 94, 324. 

in Continental prac- 
tice, 350« 369. 
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Packing, Metallic, 101, 326, 411. 

Painting, 415, 418. 

Paris and Orleans Railway, Engines 

on, 351, 353, 371. 
Paris, Lyons, and Mediterranean Rail- 
way- 
Bogie used on, 374. 
Enffines on, 355. 
Park's firebox stays, 213. 
Passenger engines, see Express pas- 

senger engines. 
Pearson's tank engines, 24. 
Pennsylvania Railway, grate area, 194. 
** Perseverance," 11. 
Petroleum as fuel, see Liquid fuel ^ &c. 
Pettigrew^s modification of Clark's 
formula, 77. 
,, valve-spindle lubricator, 

las. 

Phases of distribution, 146. 
Philadelphia, Germantown, and Nor- 

ristown Railway, En^^es for, 18. 
*'' Pilot " engines, Westmghouse brake 

with, 273, 275. 
Pioneer forms of locomotive, 1. 
Pipes, Brake, 275. 
,, Exhaust, 225. 
„ Feed, 417. 
,, Injector, 246. 
,, Lubricator, 281. 
„ Steam, 38, 55, 225, 244, .^24» 
365, 412. 
Piston-heads, 105, 326, 41 1. 
Piston-rods, Force on, 105. 
Forms of, 108. 
Lubricating, 281. 
Practice in America in 

re^rd to, 326. 
Specification of, 411. 
Strength of, 108. 
Piston slide-valves, 53, 170. 
Piston- valve for compound engine, 68. 
" PUnet," 14. 

Plate-springs, Bearing, 134. 
Platform, 407. 
Polonceau's hoiler, 351, 353. 
,, firebox roof, 379. 
"Pony "truck, 186. 
Port-faces, 97- 

Power of boiler, Elements of, 29. 
,, of engines. Elements of, 29. 
,, of locomotives. Limits to, 88. 
Practice in relation to working condi- 
tions, 314. 
Pressure gauges, 238. 

,, in boiler, see >7eafri-/>re«#i/r«, 
Boifer. 
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Preasure of air for Westinghouse brake, 

275. 
Prussian State Railway, Engines on, 

359, 361, 362. 
" Puffing Billy," 4. 

Q 

Quebracho, Use of, as de-incrustant, 

377. 
"Quick-acting" Westinghouse brake, 

274. 



" Race to the North," 25, 
Rack locomotives, E2arh% 4. 

,, Mo(&rn, 367. 

Radial axle-boxes, 190. 

„ tank engines, 42, 45, 67. 
„ valve-gears, 161, 371. 
Railguards, 183. 

Railway company, The oldest, 3. 
„ First public, 7. 
,, locomotive, The first, 3. 
Railways, Gauge of, 19, 316, 350. 
Rainhill contest, 8. 
Ramsbottom, duplex safety valve, 238. 
„ the •' Cornwall," 23. 

•* Lady of the Lake," 25. 
Ra^'mond and Henrard's axle-boxes, 

374. 
Regulators, 241, 404. 
Release, 146, 153. 
Repaira and renewals. Cost of, 398. 
,, Erectors report of, 394. 
,, on road, 3S6, 
Reporting defects, 390. 
Resistance, 73, 75. 
Re-starting injectors, 246. 
Reversing gear, 55, 146, 174. 

link, see Expansion iinl'. 
shafts, 156, 172, 412. 

,, and gear, Failure of, 
on road, 389. 
Ri vetted joints, Considerations bearing 

on design of, 219. 
,, „ Forms of, 107. 

„ \, Strength of, 206. 

Rivetting, 217, 403. 

,, effect of punching plates, 
218. 
" Robert FulUm." 16. 
Rocker-arm used in American engines, 

328. 
«* Rocket." 8. 
Rocking srates, 342. 
Roentgeirs compound locomotive, 57. 
Rogers' locomotives, 320. 
Roof stays, 215. 



Roeooe lubricator, 279. 

••RoyalGeorffe,"7. 

Ro}^s oblique Duffers, 383. 

Running locomotives, 386. 

Russia, Use of iron for'lx)ilers in, 201. 
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Saddle-ca8tin(«, 324. 

Safety valves, 238« 

"Samson," 14. 

Sandboxes, 251, 407, 417. 

Sand ejectors, 251. 

**SanBpareil,"8. 

Saxon State Railway, Engines on, .359. 

Scotch piston, 109. 

Screw-brakes, 259. 

„ couplings, 182, 408. 
Separator, (urease, for exhaust in- 
jectors, 251. 
Serve tubes, 222, 355, 378. 
Sharp, Roberts & Co., Engines built 

by, 15. 
Sheds, Returning engines to, 386. 
shrinkage of tyres, 129. 
Shunting-engines, 48. 
Side chams, 182, 408. 
Siemens-Martin steel for locomotive 

boilers, 200. 
Sight-feed lubricator, 277. 
Simple engines, Tractive effort of, 79. 
Sinclair on train resistance, 76. 
Single driving-wheels engines, Mo<lem, 
40, 42, 49, 52, 65. 
„ eccentric valve gear, 144. 
„ engines. Balancing, 137. 
Six-coupled engines, American, 318, 

319. 
Continental, .353, 
354, 355, 360, 
3H3, 364, 367. 
Early, 7, 15. 
,» Modem British, 
39, 40, 41, 44, 
45, 48, 50, 56, 
66, 67. 
Skidding of brakes. 258. 
Slide-bars, 110,327, 411. 
,, Force on, 105. 

„ Lubricating, 281. 

Slide valves, 166, 331, 411. 
Smith's piston valves, 170. 
Smokebox, 225, .343, 381, 405. 
regulator, 241. 
Temperature of gases in, 

292-296, 297-299. 
tube plate, 211, 402. 
South Carolina Railway, first Ameri- 
can-built engine, 16. 



»» 



»i 



»» 



i» 



)* 



I* 



A2S 



JNDKX. 



»» 
If 

ft 



fiouth-Eastem Railway — 
Bode, 185. 
Cylinders, 92. 
Kngines, 55. 
Roof-8tav8, 215. 
Staying boilers, 211. 
Tenders, 254. 
Southern Pacific Railway, engines, 320. 
'Southern Railway of France, engines, 

353. 
South- Western Railway, Opening of, 

1 v. 
8park arresters, 343. 
Specification of boiler-plate, 202, 402. 

„ tubes, 22:{, 404. 
copper firebox plates, 

208,403. 
passenger engine and 
tender, 401. 
Speed, Average, for different services, 
73. 
in relation to diameter of 

driving-wheels, 74. 
indicator, Boyer's, 299 
Resistance dependent on, 73, 

75, 89. 
of trains, American, 322. 

Continental, 364, 365, 

.3(57. 
Historical, 4, 7, 11, 

14,24. 
Modem British, 30, 
36, 42, 44, 46, 66, 
291, 293, 294, 298. 
Spiral bearing springs, 135. 
Splashers, 407. 
Spring gear, 410. 
,. pins, 131. 
Springs, Bearing, 8, 134, 334, 409, 
416. 
, , First use of steel in, 7. 
Starting of compound engines, 69. 

,, or intercepting valves, 58, 63. 
Staying of boiler back and tube plates, 

211, 404. 
Stays, Firebox, 212, 404. 
Steam blower, 233. 
, brakes, 259-417. 
branch fitting, 380. 
chest covers, 94, 99. 
,, position of in Continental 
practice, 269. 
chests, American, 324 
domes, 205, 404. 
and exhaust pipes for brake 

air-compressor, 275. 
pipe, 38. 55, 244, 324, 365. 

„ in smokebox, 225, 412. 
ports and passages, 97. 
pressure, effective, 73, 83, 90. 
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Steam pressure in American looomo> 

tives, 318, 319. 320, 
321. 
in British locomotives, 
206,211,291,293,294, 
296, 298. 
in Continental locomo- 
tives, 359, 360, 361 , 367, 
369. 
reversing-gear, see Bei'eraing- 

gear, 
sanding apparatus, 251. 
supply, 29. 
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Steel boiler plate. Specification of, 202. 
„ ,, tubes, Specification of , 223. 
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fireboxes, 209. 
rivets, 219. 

Use of, in boilerconstruction,200. 
Stephenson, Engines built by Messrs., 

14, 16, 20. 
Stephenson's KiUingworth engine, 7. 
link-motion, 150, 328. 
** Locomotion," 7. 
** Rocket," 8. 
St. Gall and Qais rack railway, Engines 

on, 369. 
St. Gothard Railway, Engines on, 365. 
Stirling's bogie, 183. 

,, engines, 40, 55, 92. 
„ steam reversing gear, 174. 
Stockton and Darlington Railway — 
Opening of, 7. 
Engines for, 7, 14. 
Stone's firebox stays, 214. 
"Stourbridge Lion," 16. 
Straining forces on connecting-rod, 1 15. 
,, ,, on coupling-rods, 119. 

Strains on brake rigging, 257. 
Strength of boiler barrels, 206. 
bolts and studs, 101. 
brake-rigging, 259. 
connecting-rods, 115. 
coupling-rods, 115. 
cylinders, 97. 
nvetted joints, 2u6. 
Stronff's locomotives, 211. 
Stroudley's engines, 46. 
Studs, 100. 

Stuffing-boxes, 101, 327. 
Su^plementarv injectors, 248. 
Swiss mountain locomotives, 365. 
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Tables — 

Balance-sheets of engine trials. 

304-313. 
British and foreign locomotives. 
Appendix C, 
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Comparison of actual and theoreti- 
caF diagrams for compound 
engines, 72. 
Copper plates from worn-out fire- 
boxes, Tests of, 208. 
Dimensions of tenders, 254. 

,, of typical locomotives, 

Appendix B. 
Goods engines on London and 

North-Westem Railway, 60. 
Grate area and cylinder capacity, 

194. 
Heating surface, 88. 
Link-motion, Action of, 156. 
Mean effective steam pressures, 

90. 
Passeneer engines on London and 

NortL-Westem Railway, 49. 
Repairs and renewals, Cost of, 399. 
Resistance dependent on velocity, 
b9. 
„ due to gravity, 89. 
Results of engine trials, 300. 
Steam ports, 98. 
Strength of bolts, 101. 
Stuffing-boxes and glands, 104. 
Tyres, Shrinkage of, on wheel- 
centres, 129. 
,, mileage of, 398. 
Taff Vale Railway, staying boilers, 

211, 215. 
Tank engines, Continental, 354, 355, 

362,305. 
Frames for, 180. 
Historical, 19, 25. 
Modem British, 34, 39, 
40, 42, 45, 46, 49, 51, 
67. 
Tanks, Tender, 252, 417. 
Temperature of gases in smokebox, 

292-296, 297, 298. 
Tenbrink boiler, 349, 351, 353, 377. 
Ten-coupled engines, 321. 
Tender, Hand brakes on, 252. 

, , six- wheel. Full specification of, 
416. 
Tenders, Construction of, 252, 416. 
dimensions, Typical, 254. 
doublo-boffie, American, 344. 
for liquid fuel, 254. 
with water ** pick-up," 253, 

irtTKm 

Ten- wheel engine, 319. 
Test for axles, 4«i9. 

bearing sprinss, 409. 

main frame pmte, 406. 

steel boiler plates, 202, 402. 

wheel centres, 408. 
,, tyres, 409. 
Testing boilers, 223, 415. 
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Tests for boiler tubes, 222. 

„ of copper plates from worn-out 
fireboxes, 208. 
Three-cylinder compound locomotives,. 

57, 60, 367. 
Tires, see Tyres, 
Tools 414, 

Tractive effort, 29, 73, 79, 81, 321. 
Train loads, see Loads, 

pipe, hose couplings for, 268. 
resistance, 73, 75. 
velocity, see Speed, 
Trap, grease, for exhaust injectors,. 

251. 
Trevithick's engines, 3. 
Tre\'ithick, F., the "CorawaU," 22. 
Trials of locomotives, 47, 54, 66, 288,. 

374. 
Trick valve, 167, 332. 
Triple valve, » rdinary, 272. 

„ Quick -acting, 274. 

Tubejoints, 221, 342. 
or flue area, 338. 

plates, Arrangement of holes in,. 
199. 
smokebox, 402. 
staying, 211. 
Tubes, Arrangement of, 199. 
Life of 396. 
Serve, 378. 

Specification of, 222, 404. 
Stopning, on road, 388. 
Tubular bouer, first applied to loco- 
motives, 11. 
Tulk & Ley, Engines built by. 21. 
Twelve-coupled locomotives, 365. 
Two-cylinder compound locomotives. 

58, 65, 359, 360, 361. 

Types of locomotives, see Looomotivt- 

types. 
Tyres, 129, 337, 409. 

First use of wrought iron in, 7.. 

Life of, 396. 
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Underhung springs, 131, 135. 
United States, see America, 



Vacuum brake, 235, 259, 263. 

„ produced by blast, 228, 292- 

294, 297, 298. 
„ valves, 170. 
Valve chest, see Steam chest, 
ellipse, 154. 
gear, 144,328,371,411. 
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Valve gear Model, 154. 

Kpindles, 167,330,411. 
,, Intermediate, 170. 
„ Lubricating, 103, 281. 
Variable blast pipe. 229, 381. 
Vaiiclain engines, Cylinders for, 326. 
„ ,, Crosshead for, 328. 

,, system of compounding, 68. 
** Velocipede." 22. 
Velocity, see Speed. 
Virtual eccentric, 144, 152. 
Volute bearing springs, 135. 
Von Borries' engines, 58. 

,, intercepting valve, 58. 

Vortex blast pipe, 232. 412, 
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WaKou-top firebox, 2a3, 313. 
Walschaert's gear, 161, 371. 
Wash -out holes and covers, 237. 
Water evaporated, 291, '203, 294, 297, 
298. 

gauges, 237. 

** pick-up" tenders, 253. 

space, 405. 

tube firebars, 342. 

tubes in firebox, 34, 340. 
Webb, Firebox designed by, 21 1 
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Webb's arrangement of blast pipes, 
228. 
cranks, 126. 
engines, 48, 60. 
„ radial axle-box, 190. 
Webs of cranks, 126. 
Wenger comprised air brake, 384. 
Western Railway of France, Engines 

on, 350, 354, .358. 
Westinghouse brake, 250, 268. 
Wheel-base, 27, 83, 18.3. 

centres. 122, 337, 408. 416. 
crank-pins, 129, 412. 
guards, 183. 

tyres, 129, 337, 409, 417. 
, , First use of wrought iron 
in, 7. 
Wheels, 122, 337. 
Whistles, 251. 
Willans & Robinson's engines for Hell- 

mann locomotive, 358. 
Wilson k Co. , Elngines built by, 7. 
Winb^s four-cylinder locomotive, 89. 
Wind, Effect of, on resistance, 78. 
Wootten firebox. 340. 
Worsdell's crank-axles, 126. 
engines. 53, 63. 
intercepting and starting 

valve, 63. 
radial axle-boxes, 190. 
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